Glime, J. M. and Pócs, T. 2018. Tropics: Epiphylls. Chapt. 8-6. In: Glime, J. M. Bryophyte Ecology. Volume 4. Habitat and
Role. Ebooksponsored by Michigan Technological University and the International Association of Bryologists. Last updated 23 July 2020 and
available at <http://digitalcommons.mtu.edu/bryophyte-ecology4/>.

8-6-1

CHAPTER 8-6
TROPICS: EPIPHYLLS
JANICE M. GLIME AND TAMÁS PÓCS

TABLE OF CONTENTS
Epiphyllous Communities ................................................................................................................................... 8-6-2
Fossil Records ..................................................................................................................................................... 8-6-9
Biomass Contributions ........................................................................................................................................ 8-6-9
Microclimate ....................................................................................................................................................... 8-6-9
Colonization ...................................................................................................................................................... 8-6-13
Succession ......................................................................................................................................................... 8-6-13
Host Preference ................................................................................................................................................. 8-6-16
Growth Structure ............................................................................................................................................... 8-6-18
Bryophyte Adaptations...................................................................................................................................... 8-6-18
Morphology................................................................................................................................................ 8-6-19
Water Relations .......................................................................................................................................... 8-6-20
Life Cycles ................................................................................................................................................. 8-6-23
Neoteny ............................................................................................................................................... 8-6-24
Life Strategy Types .................................................................................................................................... 8-6-25
Host Adaptations ............................................................................................................................................... 8-6-25
Drip Tips .................................................................................................................................................... 8-6-25
Leaf Size and Shape ................................................................................................................................... 8-6-26
Leaf Age .................................................................................................................................................... 8-6-26
Leaf Longevity ........................................................................................................................................... 8-6-27
Leaf Chemistry........................................................................................................................................... 8-6-27
Interactions ........................................................................................................................................................ 8-6-28
Nutrient Exchanges .................................................................................................................................... 8-6-28
Host Leaf Leachates............................................................................................................................ 8-6-28
Bryophyte Leachates........................................................................................................................... 8-6-28
Seed Beds............................................................................................................................................ 8-6-29
Nitrogen Fixation ....................................................................................................................................... 8-6-29
Herbivore Protection .................................................................................................................................. 8-6-30
Micro-organisms ........................................................................................................................................ 8-6-32
Negative Impacts on Leaves ...................................................................................................................... 8-6-33
Light Interference....................................................................................................................................... 8-6-33
Species Richness ............................................................................................................................................... 8-6-34
Asia ............................................................................................................................................................ 8-6-34
South Pacific Islands .................................................................................................................................. 8-6-39
Africa ......................................................................................................................................................... 8-6-39
Neotropics .................................................................................................................................................. 8-6-40
Central America .................................................................................................................................. 8-6-40
South America .................................................................................................................................... 8-6-41
Bromeliad Basins .............................................................................................................................................. 8-6-43
Fragmented Habitats ......................................................................................................................................... 8-6-45
Sampling Epiphylls ........................................................................................................................................... 8-6-46
Summary ........................................................................................................................................................... 8-6-47
Acknowledgments ............................................................................................................................................. 8-6-47
Literature Cited ................................................................................................................................................. 8-6-47

8-6-2

Chapter 8-6: Tropics: Epiphylls

CHAPTER 8-6
TROPICS: EPIPHYLLS
JANICE M. GLIME AND TAMÁS PÓCS

Figure 1. Epiphyllous Lejeunea floridana and Cololejeunea cardiocarpa. Photo by Scott Zona, with permission.

Epiphyllous Communities
A unique community occurs in the tropics, especially
in the wet rainforests, the epiphyllous community (Figure
1), i.e. those bryophytes, lichens, algae, fungi, and bacteria
that live on the leaves of higher plants. Among these,
bryophytes contribute most of the biomass (Bentley 1987).
A discussion of tropical epiphytes would not be complete
without considering these bryophytes that spend their lives
on leaves.
Some of the earliest bryophyte studies in the tropics
were on epiphyllous species, typically on trees and shrubs.
These included studies by Goebel (1888, 1889), Massart
(1898), Busse (1905), Pessin (1922), Richards (1932),
Allorge et al. (1938), and Allorge & Allorge (1939). Later,
Winkler (1967, 1970) reported on epiphyllous communities
of both upland and lowland rainforests of tropical
Americas.
Foliicolous bryophytes occur predominantly on the
upper surface of leaves (epiphyllous), but some do occur
on the lower surface (hypophyllous) (Santesson 1952).
This leaf habitat is termed the phyllosphere (Ruinen 1961).
These communities are mostly restricted to the rainforests
of the humid tropics and subtropics, but some have been

reported, albeit not well-developed, in wet temperate
regions as well: Japan (Schiffner 1929), the Appalachian
Mountains, USA (Schuster 1959; Ellis 1971), British
Columbia (Vitt et al. 1973), the Caucasus (Pócs 1982b;
Vězda 1983), Macaronesia (Sjögren 1975, 1978) and the
Pyrenees (Vězda & Vivant 1972).
In equatorial regions, these foliicolous communities
occur from sea level to about 3000 m asl, where they
become limited by lack of forest substrate. Pócs (1976a,
1982a) concluded that the upper limit is determined by the
frequency of night frosts and the degree of oceanity.
Optimal conditions, on the other hand, occur in the lower
montane rainforest belt. In East Africa this occurs at
~1500-2000 m.
Luo (1990) noted the need for very moist air in the
habitats of epiphyllous liverworts. This defines the primary
distribution of epiphyllous liverworts in the tropical or
subtropical regions of IndoMalay, Central and South
America, central Africa, and the Asian-Pacific regions of
South Korea and southern Japan south to Australia.
Among the early studies, Jaag (1943) investigated
epiphytes and epiphylls on ferns (Figure 2-Figure 3),
examining these as they related to the leaf renewal rate and
leaf life.

Chapter 8-6: Tropics: Epiphylls

8-6-3

usually occur only near streams and in swampy areas.
Exceptionally, they can occur also in dry woodlands if they
are affected by mist/cloud formation regularly
(Pócs.1976b).
The long-lived, somewhat leathery leaves of tropical
forest trees make it predominantly possible for bryophytes
to become established there, particularly in the more humid
sites. But they can also occur on bamboo (Doei 1990) and
palm leaves as well (Schuster & Anderson 1955), even on
fern and other herbaceous plant leaves and exceptionally on
succulents.
In western Nigeria, for example, as many as 1200
shoots/colonies can occur on one 58x35 mm leaf of Citrus
sinensis (Figure 4) (Olarinmoye 1975c).

Figure 2. Blechnum loxense tree fern at treeline in the
Ecuadorian Andes at 3500 m asl, with Jan Peter Frahm. Members
of this genus often have epiphylls. Photo courtesy of Robbert
Gradstein.

Figure 4. Citrus sinensis, a species that can house as many
as 1200 epiphytic shoots on a 6 x 3 cm leaf section. Photo by
Antandrus, through Creative Commons.

Filmy fern leaves usually have a special epiphyllous
community formed by tiny Cololejeunea (Figure 5-Figure
6) and hookerioid moss species (Pócs 1978).

Figure 3. Lejeunea cf. epiphylla on Blechnum wattsii.
Photo by Tom Thekathyil, with permission.

Richards (1952) has written one of the definitive
treatises on tropical plant ecology. In it, he describes the
epiphyllous community as common in tropical, montane,
and subtropical rainforests, particularly in wet forests. The
epiphylls occur mostly on the upper surfaces of evergreen
leaves. In tropical forests that are seasonally dry, they

Figure 5. Cololejeunea minutissima, in a genus that is
among the epiphylls in the world. Photo by Michael Lüth, with
permission.

8-6-4

Chapter 8-6: Tropics: Epiphylls

Figure 6. Cololejeunea magnilobula, in a genus that is
among the epiphylls in the world. Photo by Yang Jia-dong,
through Creative Commons.

In the 1990's Pócs (1996, 1997) reported 1,000
epiphyllous species of liverworts worldwide. Although this
includes epiphyllous species that are not exclusively
tropical, most are in the tropics (Figure 7). Among these,
Asia had the highest reported number of any continent at
504 species, with 224 in the Malesian archipelago alone.
These worldwide epiphylls are divided among the
Lejeuneaceae genera Cololejeunea (389 species; Figure
5-Figure 6), Ceratolejeunea (114 spp.; Figure 8),
Drepanolejeunea (98 spp.; Figure 9), Colura (76 spp.;
Figure 10), Diplasiolejeunea (68 spp.; Figure 11),
Prionolejeunea (59 spp.; Figure 12), Aphanolejeunea (54
spp.; Figure 13; this genus is now included in
Cololejeunea), Leptolejeunea (48 spp.; Figure 14), and
Microlejeunea (34 spp.; Figure 15), the Radulaceae genus
Radula (13 spp.; Figure 16), and another 12 genera with
fewer than 10 species each. This distribution of genera and
numbers of species is likely to have changed since that time
as synonyms have been identified and genera have been
split or unified and new species have been described. For
example, TROPICOS lists only 29 currently accepted
species names in Diplasiolejeunea, listed above as having
68 in the tropics, but the World Checklist of liverworts and
Hornworts (Söderström et al. 2016) lists more than 90!
These epiphyllous genera are susceptible to losses
whenever the forest is disturbed.

Figure 7. Epiphyll floristic regions of the world. Modified
from Pócs 1996.

Figure 8. Ceratolejeunea cubensis, in a genus that is among
the epiphylls in the world. Photo by Scott Zona, with permission.

Figure 9. Drepanolejeunea hamatifolia, in a genus that is
among the epiphylls in the world. Photo by Barry Stewart, with
permission.

Figure 10. Colura calyptrifolia, a species that is among the
epiphylls in the world. Photo by David T. Holyoak, with
permission.
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Figure 11.
Diplasiolejeunea cavifolia, a pantropical
epiphyllous liverwort species that is among the epiphylls in the
world.
Photo by Hermann Schachner, through Creative
Commons.

Figure 12. Prionolejeunea saccatiloba with perianth and
androecium, in a genus that is among the epiphylls in the world.
Photo by Michaela Sonnleitner, with permission.

Figure 13. Cololejeunea sintenisii, in a genus that is among
the epiphylls in the world; Cololejeunea sicifolia dominates
communities in dry microsites of Central America, but is rare in
wet microsites. Photo by Pedro Cardosa, Biodiversidad, with
permission.
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Figure 14. Leptolejeunea elliptica, in a genus that is among
the epiphylls in the world. Photo by Yang Jia-dang, through
Creative Commons.

Figure 15. Microlejeunea ulicina, in a genus that is among
the epiphylls in the world.
Photo by Malcolm Storey,
<DiscoverLife.org>, with online permission.

Figure 16. Radula complanata, in a genus that is among the
epiphylls in the world.
Photo by Malcolm Storey,
<DiscoverLife.org>, with online permission.
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In 1997 Lücking estimated the number of epiphyllous
bryophyte species to be only about 535 worldwide. He
found 83 species of epiphyllous bryophytes in a Costa
Rican tropical rainforest. A single leaf of the palm Welfia
georgii (Figure 17; see also Figure 18) had 24 species.
Nearly all the epiphylls were liverworts, with 78 species in
the family Lejeuneaceae (Figure 6-Figure 15). The others
were Radula (Radulaceae; Figure 16), Metzgeria
(Metzgeriaceae; Figure 19, Figure 127), and Frullania
(Frullaniaceae; Figure 20). Crossomitrium patrisiae
(Figure 21) was the only epiphyllous moss species. Only
17% of the bryophytes are widely distributed on more than
one continent in the tropics; the others in this study are
Neotropical, with 11% known only from Costa Rica.

Figure 19. Metzgeria furcata. Members of this genus are
epiphyllous on the palm Welfia georgii (Figure 17). Photo by
Malcolm Storey, <DiscoverLife.org>, with online permission.

Figure 17. Everwet lowland rainforest of the Chocó with
dominance of Welfia georgii. Photo by Jan-Peter Frahm, with
permission.

Figure 20. Frullania pycnantha; some members of this
genus are epiphyllous on the palm Welfia georgii (Figure 17).
Photo by John Braggins, with permission.

Figure 18. The palm Welfia regia with epiphytes on its leaf
bases. Welfia georgii (Figure 17) can have 24 bryophytic
epiphylls on a single leaf. Photo by David J. Stang, through
Creative Commons.

Figure 21. Crossomitrium patrisiae, a species that is
epiphyllous on the palm Welfia georgii (Figure 17). Photo by
Jan-Peter Frahm, with permission.
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Epiphylls can include rare and endangered species, not
to mention many species yet to be discovered. For
example, Reiner-Drehwald and Drehwald (2002)
discovered the extremely rare and critically endangered
epiphyllous Lejeunea drehwaldii (Figure 22) in northern
Peru. It exhibits some of the more common adaptations of
epiphyllous species: leaf lobes that are bordered by hyaline
cells, strongly inflated lobules, and cylindrical perianths,
characters that are common to its family, Lejeuneaceae
(Figure 6-Figure 15).
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leafy liverworts have been found on Rhododendron
maximum (Figure 25), Leucothoe editorum (Figure 26)
(both in Ericaceae) (Schuster 1959), and Magnolia
grandiflora (Figure 27) (Guerke 1973).
The moss
Taxithelium planum (Figure 28) occurs on Sabal palmetto
(Serenoa repens; Figure 29) (Schuster & Anderson 1955).
On Buxus colchicus leaves at the foot of the Caucasus
Mountains five liverwort species occur that are growing
otherwise on different substrates (Pócs 1982b). All these
host species have leathery, persistent leaves. Even in the
boreal coniferous zone a few epiphyllous lichens occur on
needle-like gymnosperm leaves.

Figure 22. Lejeunea drehwaldii on leaf. Photo by Elena
Reiner-Drehwald and Uwe Drehwald, with permission.

Identification problems have made ecological studies
difficult. On the one hand, many species have multiple
names in various places throughout the tropics. Others
have never been described and some important epiphyllous
genera do not yet have an up-to-date revision. And some
species that have been described represent multiple cryptic
species that cannot be distinguished morphologically, as
demonstrated in the epiphyllous genus Diplasiolejeunea
(Lejeuneaceae; Figure 11, Figure 23) (Dong et al. 2012).

Figure 24. Thuja occidentalis, in a northern genus that gets
epiphylls. Photo by Raul654, Longwood Gardens, through
Creative Commons.

Figure 25. Rhododendron maximum, an evergreen species
outside the tropics that get epiphylls. Photo by S. B. Johnny,
through Creative Commons.

Figure 23. Diplasiolejeunea plicatiloba, in a genus with
cryptic species. Photo by David Tng, <www.davidtng.com>,
with permission.

Because of the need for a stable substrate that lasts
several years and maintains sufficient humidity, these
associations are almost entirely restricted to tropical and
subtropical regions with few notable exceptions, such as
those living on the leaves of Thuja (Figure 24) species
(Vitt et al. 1973). One of the northernmost records of nonThuja epiphylls in North America is in Louisiana, where

Figure 26. Leucothoe editorum is known to have epiphylls
in non-tropical regions. Photo by David Stang, through Creative
Commons.
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The success of many epiphylls may reflect the fact that
the tiny leafy liverworts have leaves in two rows that look
as if they were ironed to the substrate (Figure 22). Such a
flattened conformation provides the least exposure to the
drying atmosphere (Figure 30).

Figure 27. Magnolia grandiflora, an evergreen species that
gets epiphylls outside the tropics. Photo by Andrew Butko,
through Creative Commons.

Figure 30. Lejeuneaceae epiphylls showing their flattened
habit. Photo by Janice Glime.

Some epiphylls are facultative (capable of functioning
under various environmental conditions). Geissler (1997)
considered five populations (4 species) of the leafy
liverwort Marchesinia subgenus Marchesiniopsis (Figure
31) to be "accidentally foliicolous" (accidentally growing
on leaves), i.e., facultative. She considered their rainforest
habitat to correspond with optimal conditions in equatorial
primary forest in Latin America and Africa.

Figure 28. Taxithelium planum in the Neotropics, a moss
that occurs on Sabal palmetto (Serenoa repens). Photo by
Michael Lüth, with permission.

Figure 31.
Marchesinia subg. Marchesiniopsis; M.
brachiata from St. Helena, a species growing here on bark, but
that can be an accidental epiphyll. Photo By M. Wigginton,
courtesy of Robbert Gradstein.

Figure 29. Serenoa repens (Saw Palmetto); leaves of this
species can have growths of the moss Taxithelium planum.
Photo by Homer Edward Price, through Creative Commons.

Alvarenga and Pôrto (2007) found that species
richness and abundance of epiphytic bryophytes increased
with altitude in lowland and submontane areas of
Pernambuco, Brazil. However, fragmentation can negate
that effect.
Fragment size and isolation are important
factors, with isolation having a negative effect for epiphylls
in particular. Furthermore, species with smaller niches
were more affected than those with large niches.
Sipman (1997) studied the lichens and bryophytes in
the crowns of semi-deciduous trees in southern Guyana.
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Whereas the lichens grew preferentially close to the
ground, the bryophytes could be found in the crowns. He
found 18 taxa of bryophytes associated with canopy leaves.
These seemed to follow a distribution pattern similar to that
of the lichens.
Other studies that describe this fascinating group of
communities include those of Kiew (1982) on leaf color,
epiphyll cover, and damage on Iguanura wallichiana
(Figure 32) in Malaya. Lücking (1995a, b) described the
diversity, ecology, and interactions of epiphylls in a
tropical rainforest in Costa Rica; Lücking and Lücking
(1998) examined adaptations and convergences of
organisms living in the phyllosphere (space surrounding
the leaf, where epiphylls are found). Baudoin (1985)
analyzed the distribution patterns of epiphyllous
bryophytes on the Soufrière of Guadeloupe. Pócs (1978)
reported on the distribution of epiphyllous communities in
East Africa, and Reynolds (1972) reported on stratification
of tropical epiphylls. Farkas and Pócs (1997) reported on
systematics, distribution, ecology, and uses. Winkler
(1967, 1970) reported on the epiphyllous bryophytes in
cloud forests of El Salvador and Colombia. Olarinmoye
(1977) examined the relationship of the epiphylls to the
host tree. Gradstein and Lücking (1997) summarized a
symposium on epiphyllous bryophytes. The symposium
emphasized floristics and ecology, including diversity
analyses and the role of these bryophytes in the tropical
rainforest.

Figure 32. Iguanura wallichiana var. major, a species that
appears to be harmed by epiphylls. Photo by David J. Stang,
through Creative Commons.
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developed foliicolous communities to be 0.139 g 100 cm-2
of host leaf area, or 0.216 g g-1 of host leaf dry mass. This
figure can be extrapolated to 69.5 kg foliicolous biomass
ha-1 forest (assuming that leaves occupied by foliicolous
communities cover at least half the ground area at these
localities). The interceptive capacity of this foliicolous
biomass is 2.357 g 100 cm-2 host leaf area, or 1175 L ha-1
according to experiments by Pócs (unpublished). These
figures include the entire community of algae, bacteria,
lichens, fungi, and bryophytes. They are valid only where
conditions are optimal, such as condensation zones (van
Reenen & Gradstein 1983).
Under less favorable
conditions, foliicolous communities are restricted to certain
moist habits such as streamside and near waterfalls, to
certain forest layers such as leaves of the lower shrubs, or
are lacking entirely. By comparison, Carroll (1979) found
the biomass of foliicolous communities in oceanic
temperate regions to be ~50 kg ha-1, of which 30 kg is
composed of fungi and 20 kg of algal cells.

Microclimate
Epiphyllous species require shade and high humidity,
thus confining them mostly to the understory and lower
parts of the canopy (Gradstein 1992). On the other hand, in
lowland cloud forests they can also occur in higher parts of
the canopy (Gradstein et al. 2010). An average of 3-13
species of bryophytes can occur on a single leaf.
Light and available moisture appear to play the most
important roles in the distribution of epiphyllous
bryophytes within the tropical evergreen forests. In Costa
Rica, Reynolds (1972) found that bryophytic epiphylls
existed up to about 10 m under a 24-m canopy, where they
disappeared, but lichens persisted nearly to the top of the
canopy.
Reynolds attributed this limited bryophyte
distribution to availability of continuous moisture.
In the subtropical evergreen forests of southeast China
(Figure 33) the light intensity in the open can be 632 times
as great as that in some forested areas supporting
epiphyllous liverworts (Wu et al. 1987). For these
liverworts to thrive through the winter, they require about
two hours of direct light and ten hours of diffuse light. In
general, it seems that shade and moisture promote growth
while high light and drought hinder it. Heavy rains hinder
colonization (Busse 1905), most likely contributing to the
greater biomass found on lower branches than on upper
ones.

Fossil Records
The oldest evidence of bryophytes is a fossil record
from the Middle Carboniferous period, 330 million years
ago. But fossil records of bryophytic epiphylls have been
lacking (Barclay et al. 2013). Barclay et al. (2013)
described an epiphyllous moss, Bryiidites utahensis, from
a single fossil leaf specimen from the middle Cretaceous, at
least 95 million years ago. The moss presence was only
450 µm long, represented by a spore and protonema. This
fossil suggests that central North America had a tropical
maritime climate at that time.

Biomass Contributions
Pócs (unpublished) has found the foliicolous biomass
in tropical montane rainforest (mossy forest) with well-

Figure 33. China – Emei Shan lush misty forest in the
Sichuan Basin, China. Photo by McKay Savage, through Creative
Commons.
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Wu et al. (1987) found that temperature and humidity,
in addition to light, are the main factors influencing
communities of epiphyllous liverworts in subtropical
evergreen forests of southeast China. They observed that
these liverworts did not occur in very shady or dark forests.
They studied the light intensities in a subtropical evergreen
forest beside streams where the dominant epiphyllous
liverworts were Cololejeunea ocelloides (Figure 34),
Leptolejeunea elliptica (Figure 14) (both Lejeuneaceae),
Radula acuminata (Figure 35; Radulaceae), and
Frullania moniliata (Figure 36; Frullaniaceae). They
sampled at 0.5 m intervals in the range of 0.5-2 m. There
was no discernible difference in species composition in the
heights sampled, but 10 m from the streams the epiphyllous
liverworts were rare.
Figure 36. Frullania moniliata, a dominant epiphyll beside
streams in subtropical evergreen forests in China. Photo by Yang
Jia-dong, through Creative Commons.

Figure 34. Cololejeunea ocelloides, a dominant epiphyll
beside streams in subtropical evergreen forests in China. Photo
by Yang Jia-dong, through Creative Commons.

Figure 35. Radula acuminata, a common epiphyllous
species in broad-leaved forests of Guangdong, China. Photo by
Yang Jia-dang, through Creative Commons.

Jiang et al. (2014) noted that epiphyllous liverworts
usually grow in areas that are constantly moist with
evergreen forest trees in the tropical and subtropical
regions. They also considered them to be species that are
very sensitive to both pollution and climate change. They
also found that humidity, temperature, and light are
important limiting factors for these epiphylls.
The
researchers used the Area Under the receiver operating
characteristic Curve (AUC) and True Skill Statistic (TSS)
and the Wilcoxon paired test in comparing model
performances. These tests indicated that climatic and
remotely sensed vegetation variables were the best
predictors of bryophyte composition on a macrohabitat
scale.
The researchers concluded that epiphyllous
liverworts could be useful indicators of forest degradation
at broad spatial scales.
Reyes (1981) has shown that epiphylls are very good
indicators of air pollution. In Cuba, in a large area around
the Nicaro nickel metallurgical works, epiphylls do not
occur even among favorable macro-climatic conditions.
Pócs (1989) has found that epiphylls disappear when the
forest canopy is partly loosened by invasive tree species,
due to the decreasing air moisture.
Marino and Salazar Allen (1991) compared the
tropical epiphyllous communities (all liverworts) on two
shrub species on Barro Colorado Island, Panama. They
used five randomly selected shrubs in each site (dry light,
dry shade, wet light, wet shade) for each of Hybanthus
prunifolius (Figure 37) and Psychotria horizontalis (Figure
38). To determine cover, they used leaf transects (midrib
and 2 parallel to midrib) to determine the epiphyll cover.
The small gaps with greater light clearly had more cover
than did the shaded sites. Interestingly, the dry ridges had
significantly more cover than did the wet creek area. There
was little difference in epiphytic communities (15 species
overall) between the two shrub species in the same
environmental conditions. The dry site epiphylls were
dominated by Cololejeunea sicifolia (see Figure 120); in
the wet sites, Leptolejeunea elliptica (Figure 14)
dominated. They suggested that C. sicifolia was rare in the
wet site due to competition from L. elliptica. On the other
hand, L. elliptica was limited by insufficient moisture on
the dry sites.
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Figure 37. Hybanthus prunifolius, a species that supports
epiphyllous bryophytes on Barro Colorado Island, Panama. Photo
by Barry Hammel, through Creative Commons.

Figure 38. Psychotria horizontalis, a species that supports
epiphyllous bryophytes on Barro Colorado Island, Panama. Photo
by Daniel H. Janzen, through Creative Commons.

Freiberg (1999) looked at microclimate as it affects the
Cyanobacteria (Figure 39) on leaves in a premontane
rainforest of Costa Rica. He found seven species of
Cyanobacteria, with the two most frequent being
Scytonema javanicum and Scytonema hofmannii (Figure
39). He found that air humidity is more important than
light in determining their relative abundance, a factor that
also determined abundance of the epiphyllous bryophytes.
On moist sites, these two Cyanobacteria species and the
bryophytes appeared nearly simultaneously on leaves that
were 6-9 months old. However, on drier sites, the
Cyanobacteria did not appear until 6-9 months after the
bryophytes became established. When Spathacanthus
hoffmannii (Figure 40) leaves were 2-5 years old, the
average leaf cover of bryophytes was 20-30%, that of
Scytonema javanicum 2-3%, and that of Scytonema
hofmannii 0.1-0.2%. When bryophytes were present, the
Scytonema hofmannii was more frequent, whereas
Scytonema javanicum did not seem to be influenced by
bryophyte presence.
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Figure 39.
Scytonema hofmannii (Cyanobacteria);
Scytonema javanicum and S. hofmannii grow as epiphylls on
Barro Colorado Island, Panama. Photo from Utex, through
Creative Commons.

Figure 40.
Spathacanthus hoffmannii, a host for
epiphyllous bryophytes and Cyanobacteria. Photo by Armando
Astrados, with online permission.

Kraichak (2014) found that the beta diversity (ratio
between regional and local species diversity) of epiphyllous
bryophyte communities on Moorea, French Polynesia
(Figure 129), fluctuated with the microclimate. The beta
diversity among these epiphylls on different host types
tended to increase as the daily range of vapor pressure
deficit increased at that site. Kraichak suggested that the
high fluctuations in these microclimatic conditions might
augment the habitat quality differences among the host
types, causing greater dissimilarities among these
epiphyllous communities. However, Kraichak detected no
change in niche breadth.
In western Nigeria, Olarinmoye (1974) followed the
growth of four epiphyllous liverworts [Radula flaccida
(Figure 41), Caudalejeunea hanningtonii (see Figure 42),
Leptolejeunea astroidea (see Figure 14), and Cololejeunea
obtusifolia (Figure 43)] for ~18 months. Growth of larger
species always exhibited faster growth. The wet and dry
seasons caused a growth periodicity, but there was no
dormancy. However, growth was reduced considerably
during the dry season.
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Figure 41. Radula flaccida habit with gemmae, a common
epiphyllous liverwort in tropical Africa, with a parasitic
bryophilous Ascomycetes on its left-most leaf. Photo by
Michaela Sonnleitner, with permission.

Sonnleitner et al. (2009; Sonnleitner 2008) explored
microclimatic effects by sampling epiphyllous bryophytes
on two leaves per tree of 57 individual trees in a tropical
lowland rainforest in Costa Rica. They sampled from three
adjacent sites that had different microclimates and found
that pronounced daily humidity fluctuations placed
considerable restraints on the epiphyll distribution and
colonization. Phorophyte species, air temperature, and
light availability were only weakly correlated with epiphyll
cover and diversity. Nevertheless, all of these factors
influenced the species composition of the epiphyll
communities. The ability of the forest to buffer the
microclimate seems to be important to the success of these
epiphylls.
Lücking (1995a) provides additional
information on microhabitat preferences of epiphylls in a
tropical rainforest in Costa Rica.
Monoculture affects epiphyll establishment and
success differently from the natural forests. Arnold and
Fonseca (2011) examined the effects of monoculture that
replaced the Araucaria forest (Figure 44) in southern
Brazil. The natural Araucaria forest (Figure 44) has a
larger percentage of leaves with epiphylls than does the
Eucalyptus plantation (Figure 45), a fact the researchers
attribute to the shadier and moister microclimate of the
natural forest. Nevertheless, monocultures help to maintain
epiphylls in areas that might otherwise be devoid of forest.

Figure 42. Caudalejeunea lehmanniana; Caudalejeunea
hanningtonii is an epiphyllous species with no dormancy, but
with seasonal growth in Nigeria. Photo by Scott Zona, with
permission.
Figure 44. Araucaria forest, an epiphyll host that is being
replaced by monoculture plantations such as Eucalyptus in
southern Brazil. Photo by Jason Hollinger, through Creative
Commons.

Figure 43. Cololejeunea obtusifolia, an epiphyllous species
with no dormancy, but with seasonal growth in Nigeria. Photo by
Tamás Pócs, with permission.

Figure 45. Eucalyptus plantation in Nilgiris, India. Such
plantations have fewer epiphyll species than native Araucaria
forest in southern Brazil. Photo by Shyamal, through Creative
Commons.
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Monge-Nájera (1989) found that both absolute and
relative cover by epiphylls are higher in forest clearings
than in the understory at Monte Verde, Costa Rica. They
suggested this was due to the high atmospheric humidity in
the area and the presence of heliophilic (sun-loving)
bryophyte species.

Colonization
Kursar et al. (1988) determined rates of leaf
colonization by epiphylls in Panama. Coley and Kursar
(1996) found that epiphylls have both positive and negative
effects on the host leaves. Conversely, the host leaf can
affect the rate of epiphyll colonization.
For epiphylls, establishment on the host leaves is the
most difficult step, requiring adherence of a spore or
gemma and protonema through rainstorms that would
attempt to wash them off. Young leaves are usually first
colonized by lichens, then by liverworts, and perhaps
mosses (Richardson 1981).
Mosses seldom become
established on the leaves, but more often grow onto them
from neighboring twigs. Colonization can be rapid and
dynamic, as demonstrated for a leaf from El Salvador that
was colonized by 7 species in the period from May to
December (Figure 46) (Winkler 1967). Winkler found that
young leaves were colonized by liverworts within three
months in the montane rainforest of San Salvador.
Nevertheless, these could die during subsequent dry
weather.
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significantly from the growth rate of non-foliicolous
species (cf. Hawksworth & Chater 1979). According to
Winkler (1967) and Olarinmoye (1975c), colonization and
growth rate of foliicolous liverworts coincide with climatic
periods and are greatest during rainy seasons when
atmospheric humidity is high. The host leaves are
colonized first by eufoliicolous (true leaf-dwelling) taxa
possessing an adhesive apparatus (Aphanolejeunea –
Figure 13, Cololejeunea – Figure 5-Figure 6,
Drepanolejeunea – Figure 9, Leptolejeunea – Figure 14,
and others) and by hemiepiphyllous taxa. Many of the
early colonizers are soon overgrown by others that lack
special devices to adhere to the leaf surface (Pócs 1978).

Figure 46. Progression of epiphyllous species on a leaf in El
Salvador from May to December. A. May 1962. B. August
1962, with 3 colonies. C. October 1962, with 2 additional
colonies and 2 lost. D. December 1962, with 2 new colonies and
2 colonies lost. From Winkler 1967.

Succession
There is a succession in leaf colonization. There are
pioneer species (like members of the genus Leptolejeunea
– Figure 14), which can appear even on short-lived (e.g.
banana – Figure 47) leaves, and those which occur only in
a well-established epiphyllous community on perennial
leaves.
Richards (1932) made the first observations of
succession in foliicolous communities, using leaf pairs of
different ages in the Guyana rainforest. Harrington (1967)
in West Africa and Winkler (1967) in Central America
made careful studies on colonization and growth of
foliicolous communities by observations on host leaves in
sample plots for periods of over 200 days. All authors
concluded that foliicolous growth in bryophytes and lichens
does not exceed 3-7 mm annually, hence does not differ

Figure 47.
Musa sp. (banana), substrate for some
Leptolejeunea species. Photo by Jean-Pol Grandmont, through
Creative Commons.

Daniels (1998) conducted an extensive study on
establishment and succession of epiphyllous bryophytes on
the understory palm Geonoma seleri (see Figure 48) in
Costa Rica. Using 914 pinnae from 100 individual palms,
he inferred chronology based on the position of the frond
on the palm. He also selected 50 pinnae and examined
them repeatedly from frond emergence to abscission.
Daniels concluded that there is no succession in the
classical sense. Rather, the composition of species is
highly variable. However, as expected, the cover values of
individual species does change significantly over time. But
no stable climax community emerges. Furthermore, the
bryophyte assemblage development is not influenced by the
season of emergence of the frond. It is somewhat
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surprising that canopy closure and height of palm tree have
no significant effect on total cover of epiphyllous
bryophytes.

Figure 50. Iguanura wallichiana var. major, a species that
is not colonized by epiphylls in the first 6 months, but bryophytes
can cover half the leaf surface by 30 months. Photo by David J.
Stang, through Creative Commons.

Figure 48.
Geonoma seleri, a host of epiphyllous
bryophytes in Costa Rica. Photo from INaturalist, through
Creative Commons.

Kiew (1986) studied epiphyll colonization in a
Malayan rainforest.
Leaves on the shrub Thottea
dependens (see Figure 49) live up to 70 months and
become completely covered with epiphylls. The longestliving leaves were those of the palm Iguanura wallichiana
(Figure 50). These leaves had no epiphyll colonists in the
first 6 months.
Bryophytes didn't colonize until
approximately 2 years, but they then covered half the leaf
surface in another 6 months.

Figure 49. Thottea sivarajanii; Thottea dependens leaves
live up to 70 months and can become completely covered with
epiphylls. Photo by Vinayaraj, through Creative Commons.

Olarinmoye (1975c) reports no orderly successional
colonization or phenological rhythm in order of species
establishment in his western Nigerian study. Rather,
colonization depends on nearness of propagules, number
produced, and their ability to become established.
Subsequent succession, however, does at some locations
seem dependent on competition and seasonal changes.
Lichens are common cohabitants with the bryophytes, and
liverworts seem always able to overgrow the crustose
lichens, but the foliose lichens are able to overgrow even
the large, fast-growing Radula flaccida (Figure 41). On
the other hand, the large Caudalejeunea hanningtonii (see
Figure 42) seems to be able to overgrow all types of lichens
and algae, at least at Alkenne and Gambari, Nigeria. But
even some of the algae can overgrow the small, slowgrowing liverworts. The large, tufted or shelf-forming
Trentepohlia (Figure 51-Figure 52) is one such alga,
whereas the Cyanobacteria (Figure 39) tend to live in
association with the liverworts without overtaking them.
Despite all this competition, the ultimate winner seems to
be Radula flaccida, which eventually occupies the entire
leaf surface. That is, until the dry season in Erin-Odo,
when only Leptolejeunea astroidea (see Figure 14)
remains, mixed with scattered shoots of Cololejeunea
nigerica. And at Ojo Rocks, where Caudalejeunea
hanningtonii predominates in the wet season, it likewise
disappears in the dry season, being replaced by thick felts
of Leptolejeunea astroidea. It appears quite clear that the
large Radula flaccida and Caudalejeunea hanningtonii
are unable to prosper during the dry season.
Richards (1996) stated that epiphyllous species do not
also occur on bark, but in fact, there are a number of
examples where both substrates are occupied. He cites
only one example for this, the genus Floribundaria (Figure
55), that establishes on twigs, then expands onto the leaves.
He suggests that such species are not able to establish
directly on a leaf.
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little among their sites in Panama, liverwort cover
increased with rainfall. In their experimental plots,
liverwort cover increased from 1.7% in the controls to
20.5% in irrigated plots, whereas lichen cover decreased in
response to the same watering regime. Surprisingly,
liverworts at one site grew more quickly in high light
compared to shade, and Coley and coworkers suggested
that the liverworts were competitively superior to the
lichens, resulting in the negative association between them.
Contrasting sharply with the conclusion that bryophytic
epiphytes require long-lived leaves, the short-lived leaves
of Alseis (Figure 53) had 27% cover whereas the long-lived
ones of Ouratea (Figure 54) had only 2% one year after
removal of epiphytes. Within one year, the liverworts had
colonized 45% of the leaves that had a lifetime of only one
year, whereas they had colonized only 5% of the leaves of
those with longer lives. This is, however, consistent with
the known presence of chemical defenses of long-lived
leaves against herbivores and pathogens. These defenses
could affect the liverworts directly or by preventing growth
of Cyanobacteria (Figure 39) or fungi that might benefit
them.

Figure 51. Trentepohlia aurea on cypress in California,
USA; some Trentepohlia species can overgrow epiphyllous
liverworts.
Photo by Jason Hollinger, through Creative
Commons.

Figure 53. Alseis costaricensis, in a genus with short-lived
leaves that can have extensive cover of epiphylls, in Guanacaste
dry forest. Photo by Daniel H. Janzen, through Creative
Commons.

Figure 52. Trentepohlia abietina with akinetes, in an alga
genus with some members that can overgrow epiphyllous
liverworts. Photo by A. J. Silversides, with permission.

Coley and Kursar (1996) examined the causes and
consequences of epiphyll colonization in tropical forests.
Coley et al. (1993) found that while lichen cover changed

Figure 54. Ouratea brevicalyx, in a genus with long-lived
leaves that develop poor epiphyll cover, in Venezuela. Photo by
Vojtěch Zavadil, through Creative Commons.
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Figure 56. Distichophyllum; Distichophyllum mniifolium
occurs primarily on filmy fern leaves. Photo by Phil Bendle,
through Creative Commons.

Figure 55. Floribundaria floribunda (Meteoriaceae), a
species that colonizes leaves only after becoming established on
twigs. Photo through Creative Commons.

Figure 57. Cololejeunea mocambiquensis, a species that is
epiphyllous on filmy fern leaves. Photo modified from Tomas
Pocs, with permission.

Host Preference
There seems to be little preference by the foliicolous
communities for a particular host species. Rather, their
occurrence seems to depend primarily on microclimatic
conditions and availability of suitable leaf surfaces
(Santesson 1952; Tavares 1953; Richards 1984b).
Nevertheless, some species do seem to have
preferences.
Members of the Hookeriaceae (e.g.
Distichophyllidium
africanum,
Distichophyllum
mniifolium – see Figure 56), and certain liverworts (e.g.
Cololejeunea mocambiquensis – Figure 57, C. tanneri,
Lejeunea gradsteiniana – Figure 58, L. lyratiflora) occur
primarily on filmy fern leaves, whereas others
(Diplasiolejeunea cavifolia – Figure 11, Cheilolejeunea
xanthocarpa – Figure 59) prefer hard, smooth, leathery
leaf surfaces (Pócs 1978, 1985). Overall, the epiphylls
have a relationship with size, age, and texture of
phorophyte leaves.

Figure 58. Lejeunea gradsteiniana with perianths and
antheridia, a species that is epiphyllous on filmy fern leaves.
Photo by Tamas Pocs, with permission.
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Figure 59. Cheilolejeunia xanthocarpa, a species that
prefers hard, smooth, leathery leaf surfaces. Photo source
unknown.

Winkler (1967) considered leaf hair density and
quality of phorophyte leaves to be important. He pointed
out that a stellate hair cover may inhibit foliicolous growth.
Foliicolous species also seem to avoid waxy, waterrepelling leaf surfaces (Richards 1932), but may be
abundant on other surfaces, e.g. on leaves of planted citrus
trees (Figure 4) in rainforest clearings. Pócs (pers. comm.
May 2019) suggested that it was the sugary, sticky
exudates of the citrus leaves that discouraged the epiphylls.
A long life for the host leaf is also important, although
some leaves with only a 3-4-month life span are
occasionally colonized. In Cuba, Pócs observed a large
vegetation of Leptolejeunea sp. (Figure 14) on smooth
banana leaves (Figure 47). In habitats that were relatively
dry, but affected by mist, foliicolous species occurred only
on evergreen leaves such as the succulent Agave (Figure
60), Aloe (Figure 61), Sansevieria (Figure 62),
Bromeliaceae (Figure 143), and Cactaceae (Figure 63)
leaves or phyllocladia (branches that look like leaves).
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Figure 61. Aloe vera; Aloe species provide a substrate for
epiphylls in dry communities. Photo by Biology Big Brother,
through Creative Commons.

Figure 62. Sansevieria trifasciata; Sansevieria species
provide a substrate for epiphylls in dry communities. Photo by
Mokkie, through Creative Commons.

Figure 63. Macrocoma tenue on cactus. Photo courtesy of
Tatiany Oliveira da Silva.

Figure 60. Agave americana, a substrate for epiphylls in dry
communities.
Photo by Marc Ryckaert, through Creative
Commons.

It appears that substrate preference diminishes further
with increasing air humidity. In an everwet rainforest,
foliicolous species occur on many kinds of host leaves.
Several species tend to occur on other substrates as well
(elective foliicolous species).
On the other hand,
terricolous (soil-dwelling), rupicolous (rock-dwelling), or
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corticolous (bark-dwelling) species may occur on leaf
surfaces in this kind of wet forest (accidental foliicolous
species such as certain species of Bazzania – Figure 64).

To these, Pócs (1982b) added the bryophyte category
of hemiepiphyllous – those species that start their lives on
branches, but subsequently grow from the twig to the leaf
blade via the petiole, subsequently forming a community
there.

Bryophyte Adaptations

Figure 64. Bazzania peruviana; some species of Bazzania
become accidental epiphylls. Photo by Felipe Osorio-Zúñiga,
with permission.

Growth Structure
Fitting (1910) considered three groups to classify
foliicolous lichens on leaves:
1. species penetrating the leaf tissue
2. species growing subcuticularly on the epidermis
3. species growing supracuticularly
Fünstück (1926) considered that most foliicolous lichens
penetrate into the mesophyll, others (Santesson 1952;
Brodo 1973; Margot 1977) disagreed with this concept.
Nevertheless, even some liverworts do this and can take
nutrients from the leaf tissue (Berrie & Eze 1975).
One can also distinguish between the obligately
foliicolous species (those unable to grow elsewhere) and
the facultative foliicolous species (those able to also grow
on other plant parts and even on rocks). Sérusiaux (1977)
divided this even further:
1. strictly foliicolous: never occurring on substrata
other than leaves
locally eufoliicolous: restricted to the phyllosphere
in a definite geographical area, while occurring on
other substrata elsewhere
2. pseudofoliicolous taxa: not restricted to living leaves
and occurring also on other substrata
elective pseudofoliicolous: showing highest vitality
and abundance on living leaves
indifferent pseudofoliicolous: occurring both on
living and other substrata and not showing any
preference
accidental foliicolous species: normally corticolous,
saxicolous, or terricolous, and occurring on leaves
only accidentally (e.g. the leafy liverwort Bazzania –
Figure 64; mosses in the Meteoriaceae (Figure 55).

Epiphytic life forms in general are considered late
results of evolution. Among phanerogams, almost all
epiphytic groups are at the tips of phylogenetic tree
branches (Emberger, cited by Tixier 1980) and this seems
also to be true for bryophytes (Vitt 1984). Hence, we
should expect that special adaptations exist.
In the tropical rainforest, epiphytism among
bryophytes is probably the result of coevolution since the
Cretaceous (Gradstein & Pócs 1989). Most of the
foliicolous bryophytes are in the leafy liverwort family
Lejeuneaceae, a family that is diversified most strongly in
the rainforest, especially the subfamilies Lejeuneoideae
and Cololejeuneoideae. The Lejeuneaceae has several
morphological adaptations, as noted below, but its most
significant evolutionary trend in the phyllosphere is its
shortened life cycle. Several taxa may reach reproductive
maturity in an early stage of development (neoteny).
Gradstein (1997b) pointed out that many epiphyllous
species are facultative – also able to grow on bark or other
substrates. He described the typical epiphyllous species
(those growing exclusively or almost exclusively on leaves)
as shade epiphytes of the understory. These are small,
pale-colored, appressed (Figure 65), with rhizoids in
bundles that form large adhesive discs. They sometimes
are neotenous (condition in which juvenile characters
remain in adults). Gemmae (Figure 66), used in shortdistance dispersal, are common.

Figure 65. Epiphylls on leaf, demonstrating their small size,
pale color, and appression to leaf. Photo by Jessica M. Budke,
with permission.
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Figure 66. Radula australis with gemmae on leaves. Photo
by Paul Davison, with permission.
Figure 68. Rhizoids at base of underleaf on leafy liverwort.
Photo courtesy of Andi Cairns.

Morphology
There must be some advantage in being a small,
flattened, leafy liverwort when inhabiting a leaf surface, as
nearly all the epiphyllous bryophytes fall in this category,
mostly in the family Lejeuneaceae (Figure 6-Figure 15).
Many of these adaptations have been described for
liverworts (Massart 1898; Evans 1904, 1935; Schiffner
1929; Renner 1933; Jovet-Ast 1949; Winkler1967, 1970;
Bischler 1968).
Some thallose liverworts, e.g. species of Metzgeria
(Figure 67), are anchored to the leaf surface by rhizoids
that arise randomly from the ventral thallus surface (Figure
67). In most of the foliicolous liverworts, these anchoring
rhizoids develop at a definite place (Figure 68), such as the
main axis, on the lobule in Radula, or at the base of
underleaves in Lejeuneaceae (Figure 68, Figure 69).

Figure 67. Metzgeria conjugata ventral view showing
rhizoid clusters. Photo by N. J. Stapper, with permission.

Figure 69. Microlejeunea ulicina showing rhizoids near leaf
bases. Note the rotifer peering out from the middle leaf. Photo by
Blanka Shaw.

In the Lejeuneaceae the rhizoids are usually fused
together to form an adhesive disc that enhances the
attachment to the leaf surface. The attachment of rhizoids
is strengthened by a glutinous mucus secreted by the
rhizoid disc. Winkler (1967) tested this attachment
experimentally and found that adhesion is stronger on
smooth leaf surfaces than on rough ones.
Perhaps Chiloscyphus koponenii (see Figure 70) in the
Geocalycaceae can provide some clues as to the important
structures contributing to success in this habitat. This leafy
epiphyllous liverwort from Papua New Guinea possesses
many characteristics similar to those of some genera of
epiphyllous Lejeuneaceae, including its tiny size, ability to
fragment and grow from fragments, two-lobed and often
toothed leaves, thin-walled cells, small trigones (cell wall
swellings), very shallow but wide underleaves with two
lobes, two teeth, and numerous rhizoids (Piippo 1998),
which many times fuse into a firm rhizoid plate. It is likely
that the small size, the saccate lobules, and close adherence
to the leaf surface (often with aid of a hyaline margin) are
especially adaptive to maintaining moisture.
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Eze and Berrie (1977) found that under the extreme
drying conditions of sodium chloride solution or silica gel,
liverwort leaf cells did not plasmolyze, but instead the cell
walls folded inward and became contorted. The oil bodies
(Figure 72) lost their shape, and after rehydration they all
coalesced into one, indicating that the membrane of the oil
body had been destroyed. The oil body content of these
liverworts is high, comprising 17% of the dry cell, whereas
liverworts from more moist habitats (Plagiochila
praemorsa and P. integerrima; see Figure 73) exhibit oil
body contents of about 5%. Although the role of the oil
bodies is still largely speculative, their large volume helps
to reduce the loss of cell volume as the cell dries, thus
somewhat preserving the cell shape. The oil body itself is
unaffected by water loss. It could also be a potential source
of energy upon rehydration.
Figure 70. Chiloscyphus pallescens branch (left) and leaf
cells with small trigones (right). Photo by Paul Davison, with
permission.

Bernecker-Lücking and Morales (1999) considered the
flattened stem and reduced lobule of Cololejeunea
sigmoidea (Figure 71) to be adaptations to being a closely
appressed epiphyll. But Olarinmoye (1975c) considered
that for western Nigerian epiphylls the small size and
closely appressed shoots were a disadvantage in
competition with other species not so appressed. Instead,
he considered Radula flaccida (Figure 41) and
Caudalejeunea hanningtonii (see Figure 42) to be at a
competitive advantage due to their larger size and faster
growth, while he considered the small, appressed form to
have a possible advantage in competing with erect species
of smaller size. Fragmentation is useful for short-distance
dispersal and spreading, and Olarinmoye considered the
production of "copious propagules" of more than one type
to provide a competitive advantage over those with only
one type.
For example, Radula flaccida produces
numerous gemmae, but it can also produce as many as
10,000 spores in a single capsule, with 90% viability in the
first few hours, dropping to about 40% after three weeks
out of the capsule. And these capsules are produced only
occasionally. Numerous rhizoids would aid in maintaining
the position on a waxy leaf surface during a torrential
onslaught, and some leafy liverworts have rhizoids or other
parts with adhesive secretions that aid in maintaining
attachment (Winkler 1967; Berrie & Eze 1975).

Figure 72. Plagiochila asplenioides showing leaf cells with
oil bodies (bright, oblong structures in cells). Photo by Malcolm
Storey, <DiscoverLife.org>, with online permission.

Figure 73. Plagiochila asplenioides; Plagiochila praemorsa
and P. integerrima have only about 5% content of oil bodies.
Photo by Malcolm Storey, DiscoverLife.org, with online
permission.

Water Relations
Figure 71. Cololejeunea sigmoidea growing as an epiphyll.
Photo by Yang Jia-dong, through Creative Commons.

Bryophytes in general act like sponges to absorb water.
Epiphylls are no exception. The bryophytes are also able to
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hold water for a greater period of time than the leaf surface.
This moist environment permits colonization by nitrogenfixing Cyanobacteria (see Figure 39).
Pócs (pers. comm. May 2019) concluded that the most
effective method to ensure continuous water saturation
seems to be subcuticular growth, a method used by about
6% of the foliicolous lichen species. Among liverworts,
this method seems to be lacking. Instead, for many success
seems to be a leaf lobule that retains water, as found in
Radulaceae (Figure 74), Jubulaceae (Figure 75), and
Lejeuneaceae (Figure 76). This lobule, in many cases
among epiphylls, develops into a watersack, with the most
sophisticated ones in Colura (Figure 77; Lejeuneaceae).
This genus has a special closure apparatus.
Other
epiphyllous liverworts have hyaline leaf margins (e.g.
species of Cololejeunea – Figure 78 and Diplasiolejeunea
– Figure 11). These hyaline margins consist of dead cells,
which may absorb water, adhere quite close to the
substrate, and retain water below the leaf surface. They
apparently form a capillary system that promotes the
distribution of available water (e.g. a raindrop) along the
liverwort shoot.
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Figure 76. Cheilolejeunea evansii branch showing leaf
lobules. Photo by Paul Davison, with permission.

Figure 77. Colura leaf showing well-developed lobule.
Photo courtesy of Jan-Peter Frahm.

Figure 74. Radula from the Neotropics, showing lobule at
arrow. Photo by Michael Lüth, with permission.

Figure 78. Cololejeunea grossepapillosa leaf showing
hyaline marginal cells. Photo by Yang Jia-dong, through Creative
Commons.

Figure 75. Jubula japonica leaves and lobules. Photo by
Yang Jia-dong, though Creative Commons.

Dietz et al. (2007) examined surface wetness in an oldgrowth tropical montane forest in central Sulawesi,
Indonesia. The canopy remained wet 25-30% of the time
in the May-August study. The lower canopy surface

8-6-22

Chapter 8-6: Tropics: Epiphylls

wetness is continuous for up to 22 hours per day or more.
During dry periods, wetness is contributed by dewfall in
the second half of the night, affecting primarily the
uppermost canopy. This causes radiative heat loss and
under-cooling of the leaves. The researchers suggest that
epiphyll colonization might take advantage of this surface
water.
Epiphylls may also steal water from the host leaves as
drying commences. Barkman (1958) reported osmotic
potentials as low as -90 bars in epiphytes, and Berrie and
Eze (1975) have shown transfer of both water and
phosphate from host to epiphyll. In the leafy liverwort
Radula flaccida (Figure 41) in Nigeria, the osmotic
potential can reach -30 to -35 bars while the potential in
leaf cells of two species of their hosts are only down to -10
to -12 bars (Eze & Berrie 1977). This osmotic differential
could facilitate transfer of host leaf water to the epiphyll.
Larson (1981) compared the morphologies of various
lichens and bryophytes to determine their water relations.
Water uptake to saturation required only three minutes in
Polytrichum juniperinum (Figure 79-Figure 80) to more
than 300 minutes in the lichen Stereocaulon saxatile
(Figure 82). The large surface area to weight ratio was the
major contributor to rapid uptake in P. juniperinum and
other species with a high ratio. It is likely that the lamellae
on leaves (Figure 81-Figure 80) of P. juniperinum
contribute to this rapid uptake, but this species also has
internal conduction to contribute to water movement.
Nevertheless, this suggests that species with small capillary
spaces have an advantage in both uptake and holding of
water.

Figure 81. Polytrichum juniperinum leaf showing tops of
lamellae. Photo courtesy of John Hribljan.

Figure 82. Stereocaulon saxatile, a lichen with a very slow
water absorption rate. Photo by Ed Uebel, through Creative
Commons.

The host may reap some advantage from the
association of drying epiphylls. In some cases, the thick
growth of bryophytes and other epiphylls may aid in
evaporative cooling as they release the water retained
during a rainstorm (Olarinmoye 1976). And this water may
also be absorbed by some tracheophyte leaves, thus
contributing to their health.
Figure 79. Polytrichum juniperinum, a species with very
rapid water uptake. Photo by Bob Klips, with permission.

Figure 80. Polytrichum juniperinum leaf lamellae in cross
section, providing extensive capillary space. Photo courtesy of
John Hribljan.

Nutrient Budget
The foliicolous species seem to have a low nutrient
budget and are very effective at using nutrients. They
depend on rainwater for most of their nutrients, including
leachates from canopy throughfall. Some epiphyllous
liverworts, however, are able to take up nutrients from the
mesophyll tissue of the host leaves (Berrie & Eze 1975),
using rhizoids that penetrate the cuticle. Water-soluble
salts could pass from the host leaf tissue into the epiphylls
in this way. Thus, we could consider the epiphyllous
liverworts to be semiparasitic. On the other hand, the
Cyanobacteria (Figure 39) that inhabit many of these
liverworts can carry out nitrogen fixation. Harrelson
(1969) and Edmisten (1970a) demonstrated that N fixation
in leaves having foliicolous bryophytes was higher than
that of leaves with no epiphylls. The interaction of the
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epiphylls and nitrogen fixation is discussed further below
under Interactions.
Life Cycles
Reproductive strategies are usually important in
habitat limitation, and this appears to be true for
epiphyllous liverworts as well (Zartman et al. 2015).
Unfortunately for most vegetation studies, the life cycle is
slow and makes it difficult to predict long-term survival.
Epiphyllous species, on the other hand, must complete their
life cycles in a relatively short period of time because their
leaf substrate is short-lived. In fact, they have some of the
shortest generation times known for terrestrial plants.
The most common type of life strategy among
foliicolous bryophytes appears to be that of the perennial
shuttle (During 1979).
A shortened life span is
characteristic, permitting them to complete the cycle before
the leaf falls and the habitat becomes unfavorable. This
makes us wonder if any species has taken advantage of this
programmed change in the microhabitat, perhaps producing
capsules or gemmae only after the leaf substrate falls to the
ground.
Zartman and coworkers (2015) investigated the
relationship of the leafy liverwort Radula flaccida (Figure
41) in a central Amazonian rainforest to the seasonal
precipitation. By marking 154 colonies, the researchers
followed colony growth, extinction, recolonization, and
rates of sexual and asexual expression. They found that the
dry season increased mortality due to both increased leaf
fall and R. flaccida colony mortality.
Asexual
reproduction decreased significantly in the dry months, but
sporophyte density seemed unrelated to rainy season or dry
season. Sporophyte density did, however, relate to a
threshold colony size.
Kraichak (2012) considered asexual propagules to be
adaptive among tropical leafy liverworts in the
Lejeuneaceae (Figure 6-Figure 15). He tested several
potentially adaptive traits and only asexual reproduction
seemed to be evolved in the presence of epiphylly. Other
traits associated with epiphylly appeared to result from
shared evolutionary history, not adaptive evolution.
Epiphyllous mosses are much rarer than epiphyllous
leafy liverworts. The epiphyllous moss Crossomitrium
patrisiae (Figure 21) is dioicous (having male and female
organs on separate plants), presenting a particularly
challenging reproductive mode for this habitat. Alvarenga
et al. (2013) set out to determine what permitted its success
as an epiphyll. To do this, they examined 797 ramets
(ramet – individual in a clone) for total length, presence,
number of gametoecia (sexual reproductive structures and
surrounding bracts), and number of fertilized perichaetia
(modified leaves enclosing female reproductive structures
and later the seta). They found high rates of sexual
expression (76%). They unexpectedly found a highly
male-biased population (0.43 females to 1 male) at the
ramet level, n=604. Despite the isolation, with only 36.7%
of the shrubs and 12.8% of the colonies having cooccurring sexes, the species nevertheless has one of the
highest rates of fertilization known for any dioicous
bryophyte. Nearly 90% of the mixed colonies produced
sporophytes, with 40% of the female-only ramets
producing sporophytes. Individual female ramets exhibited
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74% sporophyte production. The researchers suggested
that the species invests in the success of the sporophyte
rather in the number of perichaetia in a species that
demonstrates low levels of abortion. To further elucidate
this unusual reproductive strategy, Alvarenga et al. (2016)
experimented with threshold colony sizes and alternative
reproductive strategies.
They followed growth,
reproduction, and fate of 2101 colonies of C. patrisiae for
two years and found that asexual expression, but not sexual
onset, was limited by a threshold colony size. Age and
threshold size did not correlate. Colonies with brood
bodies survived nearly twice as long as did sterile or solely
sporophytic colonies. Nevertheless, reproductive strategy
had no effect on colony growth rate.
He and Zhu (2011) compared the spore output of 26
selected species, representing 11 genera in the
Lejeuneaceae. The mean spore output for these species
ranges from 257 in Cololejeunea magnilobula (Figure 83)
to 5038 in Ptychanthus striatus (Figure 84).
The
Lejeuneaceae has a much lower but more stable spore
output than other leafy liverwort families. However,
among eight species of Ptychanthoideae, Acrolejeunea
pusilla (Figure 85) is the only species with a mean spore
output of less than 1000 spores per capsule.

Figure 83. Cololejeunea magnilobula, a species that
produced a mean of only 257 spores in a Chinese population.
Photo by Yang Jia-dong, through Creative Commons.

Figure 84. Ptychanthus striatus, a species that produced a
mean of 5,038 spores in a Chinese population. Photo by Yang
Jia-dong, through Creative Commons.
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Figure 85. Acrolejeunea pusilla, the only species in
Ptychanthoideae with a mean spore output of less than 1000
spores per capsule. Photo by Li Zhang, with permission.

Lücking and Lücking (1998) looked for adaptations
and convergences in the phyllosphere, using mosses,
lichens, and insects. Sierra et al. (2018) looked at the
mechanisms of species assembly in epiphyllous
bryophytes. These small organisms have the advantage of
a short period of assembly that must be completed during
the life of the host leaf. Sierra and coworkers studied the
frequency and distribution of 55 species of epiphyllous
bryophytes inhabiting 5 leaf-age classes on the understory
shrub Piper grande (Figure 88) in a Panama premontane
tropical forest. They found that dispersal was an important
contributor to the assembly pattern, particularly for early
arrivals. These early arrivals also had greater probabilities
of sexual and specialized asexual reproduction. They
concluded that interspecific variation in dispersal capacity,
combined with various indirect effects, are the prerequisites
for the high alpha diversity (average species diversity in
habitat or specific area) of these epiphyllous communities.

The moss Ephemeropsis trentepohlioides (Figure 86)
has globose gemmae and spores that can germinate in the
capsule, and protonemata can extend out of the capsule
(Bartlett & Iwatsuki 1985). Like E. tijbodensis, this
species can cover an entire leaf by expansion of its
persistent protonemata (Figure 87). The bunches of erect
filaments increase its surface area for adsorbing water.
Nevertheless, this species has seldom been reported from
leaves – it usually grows on twigs.

Figure 88. Piper colubrinum; P. grande is an understory
tree that hosts 55 species of epiphylls in the Panamanian
premontane forest.
Photo by Vinayaraj, through Creative
Commons.
Figure 86. Ephemeropsis trentepohlioides with capsules, a
species with spores that can germinate in the capsule. Photo by
David Tng <www.davidtng.com>, with permission.

Figure 87. Ephemeropsis trentepohlioides mature growth
form of protonema that can cover a leaf. Photo by Bill and Nancy
Malcolm, with permission.

Neoteny
Pócs (1980) observed that young gemmalings of
Lejeuneaceae with 2-3 pairs of leaves produced
gametangia. Gemmae also apparently are important in the
life cycle of foliicolous liverworts (Schiffner 1929) and
gemmae production together with sexual reproduction may
significantly accelerate their propagation (see also Schuster
in Richards 1984b, p. 1270). In some foliicolous taxa
sexual organs are produced "directly" on an expanded,
persistent protonema which is thallose in Metzgeriopsis
pusilla (see Figure 127) and Radula yanoella (Figure 89)
(Schuster 1980) and filamentous in the moss genus
Ephemeropsis (Figure 86-Figure 87) (Fleischer 1929;
Tixier 1974). The vegetative leafy gametophore in these
plants has almost completely become suppressed as the
result of neotenic evolution. The neotenic life-cycle of
foliicolous taxa may be seen as an adaptation to the
relatively short life span of the "evergreen" host leaves and
represents a striking example of an evolutionary strategy to
survive the hazards of life in the tropical rainforest.
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Syrrhopodon on leaf surface)
or occupying over-mature
center of round colonies
(window contact of Kiss
1982)
Accidental (non-adapted) settlers that cannot reach
maturity after germination (non-epiphyllous bryophytes
like Bazzania or Leucoloma)

Host Adaptations
While epiphylls are not parasitic (Olarinmoye 1976),
they can reduce photosynthesis and in some cases may
encourage the growth of fungi by maintaining a higher
humidity on the leaf surface. They can also block stomatal
openings, hampering gas exchange. Hence, we might
expect some trees to have evolved adaptations that
discourage the growth of epiphylls.

Figure 89. Radula yanoella, a leafy liverwort with a thallose
protonema. Photo by Michaela Sonnleitner, with permission.

Life Strategy Types
Colonizers (primary
Adhesive apparatus or
colonists of Winkler 1967) hemiepiphyllous growth,
abundant gemmae and
spores
temporary

Small size, short life
cycle (e.g. Aphanolejeunea)

resistant

Appressed or subcuticular
growth, or ciliae, setae,
perpendicular structures, or
size preventing overgrowth
(Cololejeunea with hyaline
margin, Colura)

Drip Tips
Some leaves have special adaptations that permit them
to slough off the cuticle on a regular basis, getting rid of the
epiphytes at the same time (Attenborough 1995). Some
tropical biologists have attributed the success of some
leaves in preventing epiphyte colonization to the presence
of a drip tip (Figure 90) that increases the flow of water
from the leaf, thus making the habitat less hospitable for
colonization (Briscoe 1994). For example, O'Brien (1994)
asked if drip tips can affect the population dynamics of
fungal pathogens and epiphyllous organisms such as
bryophytes. Junger (1891) found fewer epiphylls on leaves
with drip tips and believed that the tip was an adaptation to
avoid interference with assimilation that could handicap the
plant. He contended that taxa with rounded or cordate
bases and rounded apices lacked any special adaptation for
getting rid of water and appeared to support larger
populations of epiphyllous plants (Junger, in Howard
1969).

Occupants (secondary
colonists)
overrunner and
overgrower
(see Kiss 1982)

Fast growth rate, loose,
creeping habit or robust size
(Radula flaccida,
Diplasiolejeunea,
Cheilolejeunea spp.)

squeezer (line contact Physical or chemical pressure
of Kiss 1982)
against another species (latter
by Frullania)
Explerents (sensu
Ramensky 1938, tertiary
colonists)
space economizer

replacer

Utilizing space between other
species, e.g. by hypophyllous
growth, pendulous from leaf
margin, e.g. Meteoriaceae)
Settling in the debris of dead,
decomposing plants (e.g.

Figure 90. Drip tips on sacred fig leaves. Photo by Challiyil
Eswaramangalath Vipin, through Creative Commons.

However, recent experiments have shown that the tip
does not increase the drying speed and thus the adaptive
value in warding off epiphyllous taxa is doubtful. MongeNájera and Blanco (1995) noted that leaf substrates vary in
both biochemistry and morphology. Using plastic ribbon

8-6-26

Chapter 8-6: Tropics: Epiphylls

tape as artificial leaves the researchers found that the
epiphyll cover differed little after nine months of exposure
on five shapes and two sizes. Furthermore drip tips did not
affect the epiphyll cover. But cover was four times higher
in a clearing than in a shaded understory.
Panditharathna et al. (2008) noted that drip tip (Figure
90) lengths were greatest in seedlings and least in canopy
trees, an observation that would seem to negate likely
benefits for epiphylls or for preventing their establishment
on leaves. Lücking and Bernecker-Lücking (2005) found
no significant difference in the development of lichen
colonies on leaves with drip trips and those without. On
the other hand, leaves lacking drip tips accumulated more
debris in the apex and concomitantly few lichens in this
region. It might be the same for bryophytes. The drip tips
cause a difference in accumulated drop size and residence
time on the leaf. On those leaves with drip tips, the water
forms smaller drops that run off more frequently.
Ivey and DeSilva (2001) experimented with drip tips
(Figure 90) in Costa Rica (Figure 91) from 23 November to
2 December during the rainy season to see if having a drip
tip reduces colonization. With a sample of 28 saplings and
three leaves per tree for each treatment, they were unable to
show any effect on the bryophytic epiphylls. However,
fungi had greater cover on the leaves that were missing
their drip tips. They found instead that the bryophytes
tended to be on the drier parts of the leaves, away from
bases, midveins, and tips. Fungi, on the other hand, tended
to be in those very regions. Nonetheless, 9 days is much
too short to expect much effect on colonization rate by
bryophytes. Their experiment did demonstrate that the drip
tip had little effect on helping the leaf to shed debris, but
those with drip tips intact had significantly less water
retention (about half) compared to those with the tip cut
off. Ivey and DeSilva suggested that prevention of fungi
might be the important adaptation and that epiphylls may
not be a significant factor in reducing photosynthesis by the
host leaves because of their slow growth. By the time they
have achieved significant cover, the leaf is ready to
senesce. But Ellenberg (1985) has argued that the tip is an
environmental response to high humidity, not an adaptation
to it, whereas Edmisten (1970b) has argued that it might
reduce nutrient leaching. The latter might even be of some
benefit to bryophytes if it means that more nutrients remain
on the leaf and might help explain their greater abundance
near the drier margins.

Figure 91. Montane oak forest in Costa Rica. Photo by
Jorge Antonio Leoni de León, through Creative Commons.

Ellenberg (1985) discussed the drip tips found on
many tropical leaves. They occur mostly in humid areas of
warmer zones. The prevailing hypothesis was that these
tips would facilitate drainage of water from the leaves, thus
preventing growth of epiphyllic algae, lichens, and
bryophytes. But this hypothesis was not supported by field
observations or by experiments with leaves and leaf
models. These tips typically develop before the leaf
expansion and rarely develop after the leaf has expanded
fully. Those tips that develop before the leaf expands
expose the tips to the environment outside the buds. Their
role, if any, in preventing epiphyll colonization remained a
matter of conjecture.
Leaf Size and Shape
Monge-Nájera and Blanco (1995), also working in
Costa Rica (Figure 91), likewise found that leaf shape had
little or no influence on epiphyll cover. What did matter in
their study was light. The epiphyllous cover in a clearing
was four times that found in the dark understory of the
tropical forest, regardless of leaf size or shape. However,
in an earlier Costa Rican study, while finding a similar
relationship between clearings and epiphyllous cover,
Monge-Nájera (1989) found that epiphyllous cover
increases more rapidly than the size of the leaves. This is
somewhat offset by an increasing rate of herbivory on the
epiphylls as the tree leaves increase in size.
Epiphyllic cover is generally higher on larger leaves,
as demonstrated by epiphyllous liverworts in Monteverde,
Costa Rica (Figure 91) (Monge-Nájera 1989). Perhaps this
is because the growth of the epiphylls increases more
rapidly than does the leaf area. Once again, degree of
epiphylly does not correlate with leaf shape. Surprisingly,
both absolute and relative epiphyllic cover are higher in the
forest clearing than in the understory. Monge-Nájera
attributed this to the greater light in a region with overall
high atmospheric humidity.
The ratio of bryophytes to lichens in these
communities depends on environmental conditions. Drier,
more open habitats seem to favor lichens and are usually
poor in bryophytes. The number of foliicolous species in
one locality varies between 20-50 for lichens and 30-90 for
bryophytes. A single leaf will average 5-25 lichen species
and 3-13 bryophyte species, with a maximum of 45 and 20,
respectively (Jovet-Ast 1949; Santesson 1952; Tixier 1966;
Pócs 1978). The number of species increases with leaf
area, to a maximum at 5-8 cm2 and remains more or less
constant above that (Sjögren 1975; Pócs unpublished).
Leaflets of compound leaves should in this respect be
treated as separate leaves because the composition of the
foliicolous communities often varies among the leaflets of
one leaf.
Leaf Age
The number of species and individuals is also
determined by the age of the host leaves. Richards (1932)
observed a decrease of species number and increase in
number of individuals with leaf age. However, Olarinmoye
(1975c) and Pócs (1978) observed an increase in number of
both species and individuals. On Marattia (Figure 92) fern
leaflets Pócs observed an increase of the average plantlet
number from 588 to 1754 per 100 cm2 within 1-2 years.
One explanation for the observed differences in number of
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species is that as the colonies increase in size, competition
may eliminate some of the species.
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Voglgruber (2011) reported that up to 80% of a leaf
may be covered by epiphylls, where they can have a
significant effect of reducing photosynthesis of the host
leaf. Voglgruber studied the relationship in the humid
tropical rainforest of Piedras Blancas National Park, Costa
Rica. The rates of colonization were host specific. The
fastest colonization was on Costus laevis (Figure 93)
leaves; the slowest were on Asplundia pittieri (Figure 94)
leaves, among the six species studied. Voglgruber tested
the cuticles and identified long-chained alkanes, alkanols,
sterols, and unidentifiable compounds. The species and
leaf ages differed in wax composition. The data support
the hypothesis that epicuticular wax chemistry has an effect
on the growth of the epiphylls.

Figure 92. Marattia fraxinea; the genus Marattia serves as
a substrate for epiphylls. Photo by Vassia Atanassova, through
Creative Commons.

Leaf Longevity
Coley et al. (1993) questioned whether long-lived
leaves may attain a higher epiphyll cover as suggested by
Richards (1954), Pócs (1982a), and Bentley (1987). This
hypothesis had never been tested before. Coley and
coworkers found that rather than having higher cover, these
long-lived leaves actually have both lower colonization
rates and lower accumulated cover throughout the life of
the leaf. They suggest that characters that protect the
leaves from herbivory and environmental events might also
protect them from epiphylls. But they also suggest that
there may also have been selection for leaf characters that
specifically protect them from epiphyll colonization. They
suggest that the rapid colonization on short-lived leaves
would cause detrimental effects when persistent over long
periods of long-lived leaves.
One of the limiting factors that prevents bryophytes
from making leaves their home is that the leaf is short lived
and the bryophyte is slow growing. This generally limits
colonization to those leaves that endure for more than one
year and that live in regions where the atmospheric
moisture or frequency of rain is ample for growth on a
substrate that doesn't hold water.
Leaf Chemistry
On the other side of the story is the co-adaptation of
the host leaf. Coley et al. (1993) found that longer-lived
leaves actually had greatly reduced rates of epiphyll
accumulation, suggesting that these leaves have some sort
of defense against the epiphylls. Liverworts colonized 45%
of the leaves with one-year lifetimes, but only 5% of
longer-lived leaves. If this is indeed an adaptation against
epiphylls rather than just an adaptation against pathogens
(longer-lived leaves are known to have good defenses
against pathogens), then it implies that epiphylls present a
problem for their host leaves. On the other hand,
liverworts may actually protect the host leaves from
herbivory – see below, and may encourage the
development of nitrogen-fixing Cyanobacteria (Figure
39).

Figure 93. Costus laevis, a species whose leaves are
colonized quickly by epiphylls. Photo by Dick Culbert, through
Creative Commons.

Figure 94. Asplundia pittieri with epiphylls, one of the
species with the slowest epiphyll colonization rates. Photo from
Earth.com, with permission.
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Interactions
We might well ask if there is any advantage to the
liverwort, or disadvantage to the host, resulting from this
close association. Bentley (1987) reported that leafy
liverworts, especially Lejeuneaceae (Figure 6-Figure 15),
form dense coverage on leaves in the rainforest. Suitable
leaves can be completely covered in only two years (Coley
et al. 1993).
Cornelissen and ter Steege (1986) suggest that the
ecological and evolutionary effects of epiphylls on their
host leaves may be significant. Working in a rainforest of
Guiana, they examined the liverworts and lichens that
formed the dominant epiphylls and demonstrated both
positive and negative effects by the epiphylls. They also
found that host leaf characteristics can influence the
colonization rates of epiphylls.
Nutrient Exchanges
Host Leaf Leachates
The role of leachates from the host leaf in the success
of the epiphylls should not be ignored. Olarinmoye (1981,
1982) found that leachates and extracts of various
tracheophyte leaves greatly increase extension growth of
gemmaling shoots, leaf size, and rhizoid production of the
leafy liverwort Radula flaccida (Figure 41), although they
have no effect on the initiation of gemma growth. Rhizoid
branching differs, depending on availability of the leachate,
with long, straight and little-branched rhizoids when grown
in leachates, but short, much-branched, and crooked
rhizoids in some extracts.
Extracts from Averrhoa
carambola (Figure 95) killed all the cultures within four
weeks. But are the liverworts ever exposed to the cell
contents? We need tracer studies to determine if these
extractable substances ever contact the liverworts. The
leachates are available to them and have an important role
in promoting the successful establishment and growth of
these epiphylls, particularly in tropical areas with abundant
annual rainfall. Often they provide nearly all of the
nutrient supply.

Pócs (pers. comm.) observed that leaves of planted
orange trees at Amani Station (Tanzania) with mass
occurrence of aphids were covered by a sticky, sugarcontaining exudate that promoted copious colonization by
epiphylls, mostly Leptolejeunea (Figure 14) sp. and also
some specimens of Diplasiolejeunea cornuta.
Bryophyte Leachates
Montagnini et al. (1984) gathered indirect evidence
that minerals are transferred from epiphylls to host leaves.
They found that the concentrations of Cd, Pb, Ni, and Cr
were higher in leaves that had epiphylls than in leaves that
lacked them. The tropical Amazonian bryophytes usually
have lower concentrations of heavy metals than in those
from temperate zones, suggesting that long-range transport
of these air pollutants is limited.
It seems logical that if heavy metals in leaves increase
as the result of epiphyll colonization, other nutrients might
increase as well. Epiphylls live and die on the leaves
where they live. Hietz et al. (2002) found a correlation in
leaf delta 15N with that of epiphylls, suggesting that there
was at least some exchange of nitrogen between the
epiphylls and the host leaves (or that leaves with epiphylls
might have more Cyanobacteria).
Jordan et al. (1980) examined the role of bryophytes in
scavenging nutrients from rainfall and subsequent nutrients
in the throughfall in Venezuela. They hypothesized that
nutrients were intercepted by epiphylls in the canopy,
conserving nutrients in the forest. They supported this by
demonstrating that nutrient flux of calcium, sulfur, and
phosphorus in rainfall was greater than that in the
throughfall.
Ruinen (1965) reported that epiphylls on coffee leaves
(Figure 96) can increase the coffee leaf nitrogen content by
up to 60% in about one week due to the ability of the
epiphylls to retain the nitrogen. These bryophyte (mostly
liverwort) assemblages most likely help to maintain the
necessary humidity and nutrient retention for the included
micro-organisms to survive.

Figure 96. Coffee plantations with dwarf trees in the
distance, in Colombia. Photo courtesy of Robbert Gradstein.

Figure 95. Averrhoa carambola leaves and fruits. Extracts
from these leaves kill cultures of the leafy liverwort epiphyll
Radula flaccida. Photo by Dinesh Valke, through Creative
Commons.

Witkamp (1970) used paired leaf discs to compare
retention of added elements by epiphylls from a tropical
rainforest at El Verde, in El Yunque, Puerto Rico (Figure
97). He found that the epiphylls increased 137cesium by
6.7-20 times that of the cleaned leaf discs. For phosphorus
it was 4.7-18.3, for manganese 1.7-4.7, and for strontium
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1.9-2.9. These numbers indicate the significant role that
epiphylls can play in mineral nutrient retention.

Figure 97. El Yunque forest, Puerto Rico. Photo by Matt
Shiffle, through Creative Commons.

Volcanic activity can be a major contributor to
bryophyte nutrients.
Baudoin (1985) reported that
epiphyllous bryophytes can be used satisfactorily as
indicators of volcanic air pollution and nutrient
contributions.
Similarly, Witkamp (1970)
used
epiphyllous bryophytes in studies of irradiation at El Verde,
Puerto Rico (Figure 97) by measuring mineral retention.
According to Pócs (1990) near the Great African Rift
Valley with active soda volcanoes, leafy epiphylls do not
occur at all, even in wet rainforests, due to the alkalinecontaining dust accumulated in the soil, air, and on the
bryophyte substrates including leaf surfaces, and their
components accumulate even in the epiphytic mosses.
Seed Beds
In some cases, old leaves have such a dense covering
of bryophytes (Figure 98) that seeds of epiphytic flowering
plants germinate there (Richards 1932) or spores of ferns –
a disadvantage to the host plant, no doubt, but possibly an
advantage to that tracheophyte.

Figure 98. Dense covering of bryophytic epiphylls on a palm
in Guyana. Photo copyright Patrick Blanc, with implied online
permission.
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Nitrogen Fixation
Zhou et al. (2009) noted that epiphylls obtain their
nutrients independently. However, there are indications
that substances can be exchanged between epiphylls and
host plants. They report that nitrogen fixation within the
epiphyll community provides 10-25% of the nitrogen for
the understory forest in tropical ecosystems. Nitrogen
fixation is the process of converting atmospheric nitrogen
into a form that is usable by plants, typically to NH4+.
The most important contribution of epiphylls to leaves
is most likely through the nitrogen-fixing organisms they
harbor.
Nitrogen-fixing Cyanobacteria (Figure 39),
particularly Scytonema (Figure 39) (Basilier 1979), are
often associated with the epiphyllae, and this added
nitrogen could be of benefit to the host leaf as well.
Bentley (1987) suggested that epiphyllous bryophytes,
especially liverworts in the Lejeuneaceae (Figure 6-Figure
15), enhance moisture levels, permitting nitrogen-fixing
bacteria to subsist. Bentley and Carpenter (1980) found
that epiphyllous liverworts improve the microenvironment
for Cyanobacteria and other nitrogen-fixing bacteria by
increasing the leaf moisture. Using radioactive tracers,
Bentley and Carpenter (1984) were able to show a direct
transfer of fixed N from the epiphyllous micro-organisms
to the host leaf on the palm Welfia georgii (Figure 17) and
estimated that such transfer could account for 10-25% of
the host leaf N content. Most of the N fixation appeared to
occur among filamentous Cyanobacteria associated with
leafy liverworts, as well as within a thick layer of coccoid
Cyanobacteria immediately above the leaf cuticle
(Carpenter 1992). Nitrogenase activity, indicating nitrogen
fixation, in the W. georgii association produces about 270
mg N per ha daily. Furthermore, this association may
benefit the forest as water dripping from these leaves is
enriched in nitrogen compared to rainwater (Richards
1984a).
Bentley and Carpenter (1980) examined the effects of
desiccation on nitrogen fixation rates among epiphylls.
Fixation on leaves that had been dried for 12 hours was
only 0.66 ng N per 10 cm2 h-1, whereas that on
continuously hydrated leaves was 18.69 ng N per 10 cm2
h-1. Intermediate rates occurred after 2 and 4 hours of
rehydration. The bryophytic epiphytes helped to maintain
moisture on the leaf surface, prolonging the duration of
fixation.
In general, Cyanobacteria (Figure 39) are the typical
contributors of nitrogen fixation on leaves. Bentley (1987)
considered glucose and mineral nutrients leached from host
leaves, light intensity, and desiccation to be the major
influences on the co-occurrence of the Cyanobacteria and
epiphyllous bryophytes. Bentley found that a significant
portion of the fixed nitrogen is transferred to the host leaf
and may contribute 10-25% of the total nitrogen in the leaf.
The bryophytes most likely contribute to the fixation rates
by maintaining moisture longer than leaves with no
epiphylls. Although desiccation has a dramatic effect on
fixation, recovery is quite rapid, reaching the levels of
moist controls within 4 hours. Berrie and Eze (1975)
contend that the bryophytes are also able to draw water
from the host leaves, contributing further to maintaining
moisture for the fixation. Low light reduces the rate of
fixation. The water flowing on a leaf actually has less
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nitrogen than rainfall collected in the open, suggesting very
efficient uptake mechanisms on the leaf surface. High N
fixation rates are associated with dense cover of
epiphyllous bryophytes, especially for leafy liverworts in
the Lejeuneaceae (Figure 6-Figure 15). Bentley suggested
that the bryophytes enhance the moisture levels on the leaf,
encouraging microbial growth. One can observe that a few
hours after rain, when the naked leaf surface is already dry,
under the cover of epiphylls a still good amount of
moisture is preserved.
Roskoski (1980) measured nitrogen fixation by
epiphylls on coffee (Coffea arabica; Figure 99). The C2H2
reduction (a measure of N fixation) was similar at all sites
in Vera Cruz, Mexico, despite differences in shade,
averaging 3.21 nmoles C2H2 reduced per leaf with
epiphylls per day. This suggests that the shading/light
intensity within the range encountered was unimportant in
the fixation rate. Furthermore, he found no correlation
between percent epiphyll cover and magnitude of nitrogenfixing activity. Roskoski concluded that the nitrogen
fixation associated with epiphylls is not an important N
source for that coffee ecosystem.

Figure 99. Coffea arabica, a species that commonly hosts
bryophytic epiphytes, with fruit, in Hawaii. Photo by Forest and
Kim Star, with permission.

For the epiphyllous liverworts living on leaves of the
undergrowth, as opposed to higher levels of the canopy,
these Cyanobacteria (Figure 39) may even be a necessity.
Canopy leaves and epiphytes remove so much of the
nutrients before the rainfall reaches the lower branches that
liverworts like Radula flaccida (Figure 41) are likely to be
nutrient limited (Olarinmoye 1975a). In support of this
suggestion, Olarinmoye found that the standard bryophyte
media used by other researchers (Diller et al. 1955; Basile
1965; Bennecke in Schuster 1966) caused aberrant plants,
and he was forced to reduce the concentration to 10-20% of
the standard. The greatest percent of buds producing leafy
shoots occurred in the 10% solution; growth was highest in
the 10 and 20% media as well. Even in distilled water the
gemmalings exhibited appreciable growth extension,
although they were not as healthy as in the diluted nutrient
media.
Wanek and Pörtl (2005) acknowledged the role of freeliving nitrogen-fixing organisms and throughfall to provide
nutrients to epiphyllous bryophytes, but added that the

bryophytes also obtained nutrients from leachates of the
host leaf. On the other hand, bryophytic epiphylls lose
quantities of nutrients after drying events, and these can be
absorbed by host leaves. However, when the researchers
measured the nitrogen leachates from the epiphylls of four
species in a lowland tropical wet forest in Costa Rica, they
contributed less than 2.5% of the lost leaf N after 14 days.
Nevertheless, 180 days of observations demonstrated that
the nitrogen in the phyllosphere was highly dynamic, with
the bryophytes at times being sinks and other times being
sources.
Freiberg (1994, 1998, 1999) measured nitrogen
fixation on leaves in a premontane rainforest in Costa Rica.
He found maximum rates on 26 ng N cm-2 leaf area h-1 and
determined that two species of Scytonema (Sc.
javanicum, Sc. hofmannii – Figure 39; Cyanobacteria)
contributed most of that. The rates of fixation correlated
with the leaf area covered by Scytonema. This fixation
was dependent on rainfall and ceased completely in 2-3
days with no precipitation. Liquid water was necessary –
fog and mist were not helpful. Light and temperature both
influenced the rate. In a follow-up study, Freiberg (1999)
identified seven species of epiphyllous Cyanobacteria in a
primary premontane rainforest in Costa Rica.
Harrelson (1969) further discussed the epiphyllae of
tropical leaves and their relationship to nitrogen fixation,
noting that nitrogen fixation was greater in leaves with
epiphylls. Goosen and Lamb (1986) measured nitrogen
fixation associated with leaves in one tropical and two subtropical rainforests.
Herbivore Protection
Coley et al. (1993) found that Cololejeunea (Figure
13), Leptolejeunea (Figure 14), and Lejeunea (Figure 3)
(all Lejeuneaceae) were common epiphylls.
They
hypothesized that the liverworts might protect their host
leaves from herbivores. Liverworts are known for their
rich terpenoids, and experiments show that leaf cutter ants
(Figure 100) prefer leaves with no epiphylls. On the other
hand, the epiphylls hold moisture that may increase
pathogenic infection. The epiphylls also block light,
reducing photosynthesis, possibly making the leaves a less
desirable food source.

Figure 100. Atta cephalotes carrying a cut piece of a leaf.
Photo by Jim Webber, through Creative Commons.

Epiphylls have a little more direct relationship with the
leafcutter ants (Atta cephalotes; Figure 100), albeit a
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negative one. These ants are known for their attacks on
leaves. When Wetterer (2003) removed the epiphylls from
the base and two side branches of a grapefruit (Citrus
paradisi; Figure 101), the ants chose to cut leaves from the
cleaned branches nine out of ten times. This behavior
suggests that the epiphylls provide protect the host leaves
from the leafcutter ants.

Figure 103. Leaf cutter ant consumption on old and young
leaves of Citrus paradisi with epiphylls undisturbed and epiphylls
removed. Error bars represent one standard error. Modified from
Mueller & Wolf-Mueller 1991.

Figure 101. Citrus paradisi, a species on which epiphylls
seem to provide protection from leafcutter ants that would eat the
leaves. Photo by Amada44, through Creative Commons.

For some leaves, the antiherbivore role may be
significant. For example, in Costa Rica, leafcutter ants
(Atta cephalotes; Figure 100) preferentially clipped leaves
of Citrus paradisi (Figure 101) and Cyclanthus bipartitus
(Figure 102) from which epiphylls had been removed
(Figure 103-Figure 104) (Mueller & Wolf-Mueller 1991).
This benefit may be derived from the greater processing
effort required of the ants when epiphylls cover the leaves
or from decreased palatability due to secondary compounds
found in epiphyllous lichens and bryophytes. In particular,
liverworts are rich in terpenoids that are toxic to both the
leafcutter ants and the fungus they cultivate (Hubbell et al.
1983; Howard et al. 1988; Coley et al. 1993). Citrus leaves
with epiphylls are less preferred by leaf cutter ants, most
likely due to these terpenoids (Coley et al. 1993).

Figure 102. Cyclanthus bipartitus, having leaves that are
eaten by leafcutter ants. Photo by David J. Stang, through
Creative Commons.

Figure 104. Leaf cutter ant damage on leaves of two species
of tropical plants; leaves have epiphylls retained and epiphylls
removed. Error bars represent one standard error. Modified from
Mueller & Wolf-Mueller 1991.

In a southern Ecuadorian montane rainforest, Bodner
et al. (2015) found many caterpillars (Lepidoptera) that
were not feeding on leaves as might be expected. Instead,
they feed on lichens, dead leaves, and epiphylls, including
bryophytes. Bodner et al. (2011) conducted feeding trials
with caterpillars in the Montane Forest Zone in Southern
Ecuador.
They found that more than 22% of the
caterpillars did not eat the leaves, but rather ate dead leaves
and epiphylls. In some cases, up to 80% were epiphyll
consumers.
Similarly, Callaghan (1992) found that the butterfly
Pentila picena cydaria (Figure 105) laid its eggs singly on
live trees that were covered with lichens and mosses in a
Nigerian cola forest. The initially white eggs soon became
dark brown (within a day). The caterpillars subsequently
fed on the epiphylls.
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Figure 105. Pentila picena cydaria, a species whose
caterpillars feed on epiphylls. Photo by Grose-Smith and Kirby,
through public domain.

Yet another butterfly, Sarota gyas (Figure 106), uses
the epiphylls (DeVries 1988). The larvae of this species
rest on the upper surfaces of leaves and feed on the
epiphylls, where they blend in. The epiphylls are primarily
Cyanobacteria (Figure 39) and leafy liverworts in the
Lejeuneaceae (Figure 6-Figure 15). Others (Lycaenidae:
Lipteninae) in the Nigerian cola forest feed on epiphyllic
lichens and fungi as larvae (Callaghan 1992).

Figure 106. Sarota gyas in Ecuador, a species whose larvae
feed on the epiphylls. Photo by Harold Greeney, through Creative
Commons.

Micro-organisms
The same lobules that hold water for the leaves of
many epiphyllous liverworts also serve as the habitat for
some species of protozoa (Barthlott et al. 2000). In the
liverworts Pleurozia (Figure 107) and Colura (Figure 108),
the openings of these sacs can be closed by a movable lid.
This caused some researchers to hypothesize that sacs
could trap small animals, a theory that they supported by
finding ciliate protozoa in them. These protozoa feed on
bacteria on the surface of the plants, but there seems to be
no evidence that there is any mechanism to attract the
protozoa to the liverwort. Hence, there is thus far no
evidence that the protozoa provide any useful function for
the liverwort leaves.

Figure 107. Pleurozia purpurea showing lobules with
several of the protozoan Blepharisma living in them. Photo
courtesy of Hess.

Figure 108. Colura saccophylla SEM showing lobules.
Photo by John Braggins, with permission.

Epiphyllous bryophytes can provide a suitable habitat
for a number of kinds of micro-organisms, and the role of
these micro-organisms in affecting the health of the host is
largely unknown. Leafy liverworts in Ecuador, Costa Rica,
and Puerto Rico support the growth of at least eleven
species of slime molds (Myxomycetes), especially in
lowland rainforests with high annual rainfall (Schnittler
2001). Among these, Arcyria cinerea (Figure 109),
Didymium iridis (Figure 110), and D. squamulosum
(Figure 111) have the most common (frequency of 5966%). While these produce visible sporocarps in culture, it
is likely that they exist in their amoeboid stage among the
epiphylls, in which case they may contribute to controlling
bacteria.
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community has experienced few studies, and more
information is needed to asses how it affects the
epiphyllous bryophytes and vice versa.
Negative Impacts on Leaves

Figure 109. Arcyria cinerea, a species that often occurs on
leafy liverworts in the Central American tropics. Photo by
Malcolm Storey, through Creative Commons.

Most of the impacts of epiphylls on their host leaves
seem to be positive. However, epiphyll rhizoids may
actually penetrate the epidermal cells of the host,
presumably serving as a means of anchorage (Berrie & Eze
1975). This can result in the death of some leaf epidermal
cells, permitting more rhizoids to enter. It appears that this
penetration contributes to water loss, as leaves with
extensive epiphyllous colonies and those stripped of their
epiphyllae both have a high evaporative loss compared to
uninhabited leaves of the same age. Further detriment to
the leaf may occur if the sites of penetration serve as entry
points for leaf pathogens. So far, this has not been
demonstrated, except for senescent leaves. (But could it be
that the penetration has contributed to the senescence?)
Light Interference

Figure 110. Didymium iridis, a species that often occurs on
leafy liverworts in the Central American tropics. Photo by Sava
Kristic, through Creative Commons.

Figure 111. Didymium squamulosum, a species that often
occurs on leafy liverworts in the Central American tropics. Photo
by BioImages, the Virtual Field Guide, through Creative
Commons.

A number of ascomycetous fungi parasitize
epiphyllous liverworts. According to Döbbeler (1997) and
Döbbeler and Hertel (2013) more than 400 known fruitbody-forming species of Ascomycetes (Figure 41) occur
obligately on the gametophytes of mosses and hepatics. A
good portion of them is specialized to epiphyllous liverwort
hosts.
Küttner (2005) used 4x4 cm leaf squares to investigate
parameters that controlled epiphyllous micro-organisms in
a tropical humid lowland rainforest in Costa Rica. The size
of these microbial communities was influenced by both
species and leaf age of the host leaf. On the other hand,
site had little or no effect on the composition or size of the
epiphyllous microbial community.
This microbial

In some areas, the bryophytes become so abundant that
they can seriously interfere with photosynthesis by
intercepting the light (Attenborough 1995). In other cases,
light interference is scant; Eze and Berrie (1977) found that
even under the heaviest colonization of Radula flaccida
(Figure 41), only 2% of the light was intercepted by that
liverwort. They found no difference in the chlorophyll
content of colonized and uncolonized parts of the host leaf.
Furthermore, they found no loss of photosynthetic product
from the host to the epiphyll, or from epiphyll to host.
Coley et al. (1993) found that epiphyllous liverworts in
several locations in Panama transmitted 44% of the light
through liverworts in a single layer and that transmission
did not differ between saturated and blotted dry liverworts.
Conflicting reports on the effects of epiphylls on
Cacao trees have been discussed above. Roskoski (1981)
found that the number of leaves with epiphylls is lowest on
Coffea arabica (Figure 99) in a shadeless site. The percent
cover of epiphylls is inversely related to the number of
young coffee leaves, making them highest in February and
lowest in May. Height strata have no significant effects on
number of leaves with epiphylls. Epiphylls do affect the
host leaves by reducing the photosynthetic area of the trees,
with shading ranging 0.5-19.7%.
Nevertheless, the
epiphylls do not seem to cause any detrimental effects on
the coffee productivity.
Zhou et al. (2014) compared the effects of lichens vs
liverworts on host leaf traits in the tropical montane
rainforest, Hainan Island, China. They studied effects of
epiphyllous lichens, liverworts, and uncolonized leaves on
leaf characters of Photinia prunifolia (Figure 112).
Colonization by lichens significantly decreases leaf water
content, chlorophyll a and a + b content, whereas
liverworts have no effect on these. Furthermore, lichens
have more effect on net photosynthesis than do liverworts.
Lichens caused an increase in leaf light compensation point
by 21% and a decrease of the light saturation point by 54%,
whereas liverworts exhibited contrary effects. This study
suggests that the type of epiphyll is important in assessing
potential decreases in productivity of the host plant.
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species reported, 14 of which were endemic to the Azores
or to Macaronesia. Nan and Zhu (2007) reported a much
smaller number of species (19 epiphyllous liverworts) in
the Maoershan Nature Reserve, Guangxi, China. Boecker
et al. (1993) reported on epiphylls of the Canary Islands.
Table 1. Number of epiphyllous liverwort species known in
genera having pantropical distribution, based on Pócs 1978.
These constitute 60% of the ~1000 foliicolous liverwort species
described at the time. Revisions have eliminated some of these
species.

Neotropics
Figure 112. Photinia prunifolia, a species of the moist
tropical forest. Photo by Caroline Léna Becker, through Creative
Commons.

Composition
Communities

and

Distribution

of

Based on studies through the 20th century, Pócs
(unpublished) considered indications that some genera or
species are typical for certain geographic or vegetational
units or altitudinal belts. In Africa, for example, Radula
flaccida (Figure 41), Cololejeunea auriculata, C. jonesii,
and all species of Leptolejeunea (Figure 14) seem to be
typical of lowland rainforest, whereas Radula stenocalyx,
Cololejeunea jamesii, C. malanjae, C. tanzaniae, C.
zenkeri, and all species of Drepanolejeunea (Figure 9)
seem to be restricted to submontane and montane forest
habitats. Ericaceous heaths have endemic species of
Colura (C. berghenii, C. hedbergiana, C. ornithocephala,
and C. saroltae) that are apparently restricted to ericaceous
leaves and twigs.
Within the montane rainforest habitat Tixier (1966)
was able to distinguish the lower and upper strata by their
characteristic foliicolous communities. Winkler (1970)
found a significant correlation between certain groups of
species within the same geographic area. Host preference
allows two different foliicolous communities to occur at
close distances, e.g. on evergreen shrubs and on filmy ferns
within the same forest habitat (Pócs 1978).

Species Richness
As already noted, the most common of the epiphyllous
species are in the leafy liverwort family Lejeuneaceae
(Figure 6-Figure 15), a dominant member of the
epiphyllous bryophyte flora in lowland rainforests (Piippo
1994). Many of these species are endemic, for example
20.5% in Western Melanesia [Papua New Guinea, Papua
(West Irian), and the Solomon Islands].
The family Lejeuneaceae (Figure 6-Figure 15) is
repeatedly considered the most diverse and abundant
family among the epiphylls. However, the species and
even the tribes differ by continent and between the Old
World and Neotropics. Many of the epiphyllous species
extend outside the tropics into the Macaronesian Azores,
Madeira, and the Canary Islands. Even in these subtropical locations, several of the species belong to typical
tropical families of Lejeuneaceae and Radulaceae (Figure
16) (Sjögren 1997). These islands had 89 epiphyllous

Aphanolejeunea
Colojeunea
Colura
Diplasiolejeunea
Drepanolejeunea
Leptolejeunea
Microlejeunea
Radula
sec epiphyllae

24
40
14
19
34
11
12

Africa incl
islands
9
72
18
28
18
5
6

Asia, Oceania,
Australia
8
41
41
8
37
24
11

6

5

8

The epiphyll richness varies with altitude differently in
the different parts of continents or islands. In continental
East Africa the highest epiphyllous diversity occurs at
1500-1800 m near the coast and at 1800-2500 m inside the
continent (Pócs 1978, 1994), while in more oceanic
conditions, like in the Indian Ocean islands (Mascarenes,
Seychelles) we can observe the highest epiphyllous
diversity already from 600 m above the sea level.
Asia
In India, the epiphyllous species of liverworts are
restricted to the Eastern Himalayas, South India, and
Andaman and Nicobar Islands (Lal 2003). By 2003, only a
small number of epiphyllous species were known; 39
species in 14 genera were all that had been identified.
These were in only three families: Lejeuneaceae s.l.
(Figure 6-Figure 15), Radulaceae (Figure 16), and
Metzgeriaceae (Figure 19). But Dey and Singh (2012)
soon reported 89 taxa of epiphyllous liverworts from the
Eastern Himalayas, of which 66 species belong to
Lejeuneaceae.
Gao and Be (1988) identified 12 species of epiphyllous
liverworts from Daiwa Shan, Jiulong, China. Despite the
small number of species, these represented 10 genera and 5
families, occurring at 650 m asl. As has been common
when exploring these small organisms, these researchers
found that five of the genera and six of the species were
new to China.
Ji and Wu (1996) reported only 10 species in 1 family
and 4 genera from Jinggangshan Nature Reservation,
Jiangxi Province. Nevertheless, one species was new for
China.
When Li and Wu (1992) assessed epiphyllous
liverworts from Heishiding Natural Reserve, Guangdong
Province, China, they reported only 13 species in two
families and 7 genera. The most common species among
these were Leptolejeunea elliptica (Figure 14) and Radula
acuminata (Figure 35). Leptolejeunea hainanensis and
Cololejeunea floccosa (Figure 113) occur in the broadleaved forests in ravines at 350-600 m asl.
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Figure 113. Cololejeunea floccosa, an epiphyllous liverwort
species that occurs in the broad-leafed forests in ravines at 350600 m asl in Guangdong Province, China. Photo by Yang Jiadong, through Creative Commons.

Liu et al. (1988) found slightly more species (17
species) when investigating the epiphyllous liverworts from
southern parts of Anhui Province, East China.
Nevertheless, these occurred in only 10 genera and 4
families. Not surprisingly, 11 of these species were new
for the province. Only one was new for China. The
researchers were unable to show any obligate relationship
between the epiphyllous liverworts and the host species.
They did determine that leaves that were thin, soft, and/or
rough were less suitable for these liverworts than those that
were thick, rigid, and smooth. They surmised that the
distribution of these liverworts is currently much narrower
than it was in the distant past.
Zhu et al. (1994) found a greater species richness at
the Fengyangshan Nature Reserve, Zhejiang Province,
China.
They identified 33 species of epiphyllous
liverworts. These researchers found two species new to
China.
Among the more diverse assemblages of epiphyllous
bryophytes in China, the Wuyanling of Zhejiang Province
supports 18 species, in 3 families and 13 genera (Zhang &
Hu 1991). Rhaphidolejeunea foliicola (Figure 114) and
Leptolejeunea elliptica (Figure 14) are the dominant
epiphyllous liverworts in the region.
Most of the
epiphyllous species occur on leaves of Ilex latifolia (Figure
115), Symplocos sumuntia (see Figure 116),
Trachelospermum jasminoides (Figure 117), and
Rhododendron ovatum (Figure 118).

Figure 114. Raphidolejeunea foliicola, a dominant epiphyll
of the Wuyanling of Zhejiang Province, China. Photo from
<subject.forest.gov.tw>, permission unknown.
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Figure 115. Ilex latifolia, a host for epiphyllous bryophytes
in China. Photo by Kristine Paulus, through Creative Commons.

Figure 116. Symplocos cochinchinensis with a variety of
epiphylls, including leafy liverworts; Symplocos sumuntia is a
host for epiphyllous bryophytes in China. Photo by Vinayaraj,
through Creative Commons.

Figure 117. Trachelospermum jasminoides, a host for
epiphyllous bryophytes in China.
Photo by Ανώνυμος
Βικιπαιδιστής, through Creative Commons.
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Zhu et al. (1992) found 27 epiphyllous liverworts in
Babaoshan, Guangdong, China. Even this larger number is
only distributed in 6 families. The dominant epiphyllous
species are Radula acuminata (Figure 35), Leptolejeunea
elliptica (Figure 14), and Cololejeunea spinosa (Figure
120).

Figure 120. Cololejeunea spinosa epiphyllous on a fern.
Photo by Ying Jia-dong, through Creative Commons.

But et al. (2000) examined the epiphyllous liverworts
on rosette leaves of Ardisia (Figure 121) species in China.
This species in China, including Hong Kong, hosts only 12
species of epiphyllous liverworts, but these include 9
genera. There is no apparent species-specific relationship
to the hosts.
Figure 118. Rhododendron ovatum, a host for epiphyllous
bryophytes in China. Photo from Horticultural Society of
London, through public domain.

Ji et al. (2001) found 14 epiphyllous species in the
Matoushan Nature reserve of Jiangxi Province, China.
These occur at 450-950 m asl in evergreen broad-leaved
forests. They are distributed in 5 families and 10 genera.
Leptolejeunea elliptica (Figure 14) and Lejeunea flava
(Figure 119) are the most common of these species.

Figure 121. Ardisia crenata. In China members of this
species host only 12 species of epiphyllous liverworts. Photo by
Kenpei, through Creative Commons.

Figure 119.
Lejeunea flava, a common facultative
epiphyllous species in the evergreen broad-leaved forest of
Jiangxi Province, China. Photo by Scott Zona, with permission.

But and Gao (1991) identified 28 species of
epiphyllous liverworts from 25 sites in the Kowloon
Peninsula, Hong Kong. These are mostly located at 30-200
m asl.
Summarizing the epiphyllous liverworts known in
China up to the year 1990, Luo reported 102 species, in 11
families and 32 genera (Luo 1990). Of these, the largest
family is the Lejeuneaceae (Figure 6-Figure 15) with 21
genera and 85 species. Cololejeunea (Figure 6, Figure 13,
Figure 113) is the largest genus, which has altogether 48
epiphyllous species in China according to Zhu and So
(2001).
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Some of the Chinese epiphyllous liverworts are
facultative, occurring on soil rocks, and tree trunks. These
include Calypogeia (Figure 122), Cephaloziella (Figure
123), Frullania (Figure 20), Lepidozia (Figure 124),
Metzgeria (Figure 19, Figure 127), Plagiochila (Figure
73), Porella (Figure 125), and Radula (Figure 16, Figure
35). In China, the epiphyllous species extend to 31º N.
Most of the Chinese species occur in the South Yangtzi
River areas at 200-2,800 m asl, where warm, moist air
currents come from the Pacific and Indian Oceans, there is
considerable geographical relief, and several large rivers
add to the moisture.

Figure 125. Porella perrottetiana; the genus Porella is a
facultative epiphyll in China. Photo by Yang Jia-dong, through
Creative Commons.

Figure 122. Calypogeia tosana; the genus Calypogeia is a
facultative epiphyll in China. Photo by Yang Jia-dong, through
Creative Commons.

Figure 123.
Cephaloziella integerrima; the genus
Cephaloziella is a facultative epiphyll in China. Photo by David
T. Holyoak, with permission.

Figure 124. Lepidozia reptans; the genus Lepidozia is a
facultative epiphyll in China. Photo by Yang Jia-dong, through
Creative Commons.

More recently, Zhu and So (2001) studied the
epiphyllous liverworts of China, recording 168 species. Of
these, 14 are endemic. They recognize obligate, common
facultative, and occasional epiphylls. In China, the
epiphylls prefer tropical and subtropical forests with
evergreen, thick, hard, smooth leaves. These epiphylls are
most common in Yunnan, Hainan, and Taiwan, where they
are highly frequent in the cloud-zone forests at 800-1500 m
asl.
Jiang et al. (2014) identified six core distribution areas
for the epiphyllous liverworts of China, concluding that it
was the macrohabitat factors that most affected their
distribution.
The genera of Chinese epiphylls tend to be pantropical
in their distribution. In subtropical evergreen forests of
southeast China, Wu et al. (1987) found four leafy
liverworts to be dominant, each in a genus that is common
throughout the tropics [Leptolejeunea (Figure 14), Radula
(Figure 16), Cololejeunea (Figure 6), and Frullania
(Figure 20)].
The genus Cololejeunea (Figure 6, Figure 13, Figure
113) preferentially lives on leaf surfaces or other aerial
parts of tracheophytes in wet forests (Yu et al. 2014).
Among 70 species of Cololejeunea in their study, Yu and
coworkers found that there were only weak correlations
between morphological variations and species diversity.
These differences were not linked to epiphytism, although
some characters did show positive or negative
relationships. Cololejeunea is described by its small
gametophyte size and the occurrence of adaptive features
such as compressed, thin stems, lack of underleaves,
inflated lobules, and asexual propagules (Gradstein 1997b;
Gradstein et al. 2006; Kraichak 2012). It is able to live on
substrates that are extremely ephemeral, smooth, have
limited access to nutrients and water, and may have
exposure to light (Yu et al. 2014).
Diplasiolejeunea (Figure 11, Figure 23, Figure 126) is
an epiphyllous genus with a pantropical distribution (Dong
et al. 2012). It ranges from lowlands to more than 4,000 m
asl. In contrast to Cololejeunea (Figure 6), these species
prefer to live on leathery, harder leaves.
Their
morphological diversity hides their genetic diversity, with
four morphologically semi-cryptic species. Based on

8-6-38

Chapter 8-6: Tropics: Epiphylls

molecular data, the genus exhibits a deep split into a
Palaeotropical (relating to phytogeographical kingdom
comprising Africa, tropical Asia, New Guinea, and many
Pacific islands, excluding Australia and New Zealand; Old
World tropics) clade and a Neotropical (North, South, and
Central American tropics) clade.
Nevertheless, D.
cavifolia (Figure 11) and D. rudolphiana (Figure 126)
remain valid pantropical species, providing evidence for
transcontinental dispersal from the Neotropics to the
Palaeotropics. The molecular data support the subgenus
Physolejeunea (Figure 23) as Palaeotropical and the
subgenera Austrolejeuneopsis (Figure 126) and
Diplasiolejeunea (Figure 11) as Neotropical.
The
subgenus Physolejeunea is primarily epiphytic, whereas
Austrolejeuneopsis and Diplasiolejeunea are primarily
epiphyllous. But these disjunct subgenera also separate on
ocelli, which are present in Diplasiolejeunea and absent in
Physolejeunea and Austrolejeuneopsis.

Figure 127. Metzgeriopsis growing on a palm leaf on Bukit
Larut, Malaysia, 1100-1200 m, with bryologist Kien Tai Yong
left. Photo courtesy of Robbert Gradstein.
Figure 126.
Diplasiolejeunia rudolphiana (subgenus
Austrolejeunepsis) from the Neotropics. Photo by Michael Lüth,
with permission.

A number of other Chinese studies on epiphylls have
been published: Chen & Wu 1964; Wu & Lou 1978; Wu et
al. 1983; Wu & Guo 1986; Dengke & Wu 1988; Li & Wu
1988; Li 1990, 1997; Ji & Liu 1998; Ji et al. 1998a, b,
1999, 2001; Peng et al. 2002.
Asia and the Pacific are home to the epiphyllous
liverwort Metzgeriopsis (Figure 127).
One unusual
epiphyllous moss species, Ephemeropsis tjibodensis
(Figure 128), forms horizontal protonemata on monocots,
whereas it grows on lawyer vines and broad-leaved trees in
Malaya and Queensland, Australia (Goebel 1888; Győrffy
1916; Richardson 1981).
These protonemata have
photosynthetic side branches that grow upwards and end in
long bristles. The basal protonemata have holdfasts that
attach the moss to the leaf surface. The leafy gametophore
and capsule, on the other hand, are both quite small (Bower
1935). Meijer (1972) found only one location in West
Sumatra where the moss had capsules, and suggested that
we need to include studies on all the epiphyllous liverworts
associated with this moss to get clues as to the longdistance recent dispersal versus the ancient distribution of
this unusual moss.

Figure 128. Ephemeropsis tjibodensis protonematal mat on
a palm leaf in Fiji. Photo by Tamás Pócs, with permission.

In southern Thailand, the most recent study reports that
epiphylls number 54 liverwort species and 1 moss species
(Pócs & Podani 2015).
Additional studies on epiphylls include those of
Japanese researchers Horikawa (1932, 1939, 1948),
Kamimura (1939), Tixier (1966), and Mizutani (1966,
1975).
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South Pacific Islands
Kraichak (2013) studied the epiphyllous bryophytes on
the island of Moorea, French Polynesia (Figure 129). As
leaves age and epiphyll succession occurs, there are
significant changes in abundance, species richness, and
composition. These successional changes in epiphylls on
Inocarpus fagifer (Figure 130) do not follow any single
trajectory, causing older leaves to have divergent
communities.
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Piippo (1994) found that 20.5% of the western
Melanesian and Malaysian Lejeuneaceae (Figure 6-Figure
15) were endemic, but this is actually somewhat lower than
the figure for liverworts in general (38.2%). She attributed
the smaller number of endemic Lejeuneaceae to the many
epiphyllous taxa.
The epiphyllous taxa tend to be
particularly widespread in the lowland rainforests.
Eggers and Pócs (2010) added 13 new epiphyllous
liverwort species new to the flora of Samoa (Figure 131) in
the South Pacific islands. Söderström et al. (2011) reported
more than 70 epiphyllous liverwort and hornwort species
from Fiji Islands. Our understanding of dispersal patterns
and mechanisms, as well as the ecology, will remain poor
until we have a better understanding of the distribution of
the species in these poorly studied areas.

Figure 129. Polynesia – Moorea Island. Photo by Anne
Caillaud, through Creative Commons.

Figure 131. American Samoa forest. Photo from US
Department of Agriculture, through public domain.

Africa

Figure 130. Inocarpus edulis, an epiphyll host. Photo by
Tau'olunga, through Creative Commons.

In Africa, epiphyllous bryophytes have not been
studied in many areas. Busse (1905) was among the first to
become intrigued with identifying these bryophytes in
Africa He wrote eight pages on the occurrence of these
epiphylls in the rainforest of Cameroon.
Pócs has been one of the early explorers of the African
epiphylls (e.g. Pócs 1975). In 1978 Pócs reported 185
species of epiphyllous bryophytes for the entire continent
of Africa. In a country where many areas have not been
explored, this number is likely to be a very low estimate.
Pócs and Tóthmérész (1997) found an average of 8-9
species per leaf in epiphyllous communities in East Africa
(Figure 132) and the nearby Indian Ocean islands.
Degraded habitats are more likely to have only 3-4 species.
The number of species within habitats varies from 14 to 25.
Nevertheless, this total number does not correlate with
habitat degradation due to increased beta diversity (ratio
between regional and local species diversity).
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Figure 132. Uganda – Murchison Falls, Nile River, in East
Africa. Photo by Rod Waddington, through Creative Commons.

On Bioko Island in Equatorial Guinea, Müller and
Pócs (2007) found 57 species of epiphyllous bryophytes, of
which 55 were liverworts and 2 were mosses. One of
these, Cololejeunea papilliloba (Figure 133) was new to
Africa. Only 24 of the liverworts were previously known
to the island.

Figure 134. Nyika miombo, Malawi, showing diminishing
forests in the background. Photo by Dr. Thomas Wagner, through
Creative Commons.

Host leaf size, age, and texture play important roles in
the distribution of East African (Figure 132) epiphylls
(Pócs 1978). Pessin (1922) found that some types of leaves
are preferred and others avoided. Host specificity may play
a role based on longevity of the leaf, water-holding
capacity, overgrowth by mold, and other factors.
Wetability is important – essential – but it is the glabrous
(smooth) and leathery leaves that are usually colonized.
This most likely is because these are the persistent leaves,
and that longevity is necessary for the bryophytes to
become established. But in many rainforests, it seems that
host specificity is of little importance. Olarinmoye (1971,
1975a) found similar growth of Radula flaccida (Figure
41) on leaves of eight different taxa in a laboratory
experiment. And in western Nigeria (Olarinmoye 1975b),
he found no specificity among the bryophytes for any
particular tree species.
Neotropics
Central America

Figure 133. Cololejeunea papilliloba, a species unknown in
Africa until 2007. Photo by Barbara Thiers, NY Botanical
Garden, through Creative Commons.

As in most of the tropics, in Malawi (Figure 134) the
Lejeuneaceae (Figure 6-Figure 15) are abundant, with 64
taxa found during a single collecting trip of the BBS
(Wigginton 2001) of which 45 were epiphylls. As has been
common in tropical collecting trips, 51 species of the 64
taxa were new to the Malawi bryoflora.

Like Olarinmoye (1975b) in Africa, Marino and
Salazar Allen (1991) likewise found that it is light and
microsite, not shrub species, that determines the
epiphyllous communities on Hybanthus (Figure 37) and
Psychotria (Figure 38) in the Neotropics. In this case, the
epiphylls grow poorly in the shade but as expected are very
sensitive to quite small differences in moisture. For
example, Cololejeunea sicifolia (see Figure 13) dominates
communities in dry microsites but is rare in wet microsites,
whereas Leptolejeunea elliptica (Figure 14) dominates in
wet microsites and is relatively rare in dry microsites.
When the two shrubs grow together in the same microsites,
their epiphyllous communities are similar.
Equihua and Pócs (1999) reported 26 liverwort and 1
moss species growing as epiphylls in the Lacandon Forest
in Chiapas, Mexico. Nine were new for the country, all
members of the Lejeuneaceae (Figure 6-Figure 15).
It is interesting that the epiphylls worldwide are nearly
all liverworts, especially in the family Lejeuneaceae
(Figure 6-Figure 15), suggesting that this family has some
special adaptations for this habitat. For example, in El
Salvador Winkler (1967) found 66 species of liverworts,
but only 12 species of mosses on leaves, a number that is
actually quite high. In the rainforest on Bioko Island of
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Guinea, Müller and Pócs (2007) found 57 species of
epiphyllous bryophytes, of which only two were mosses
and the remainder were liverworts.
Dauphin (1999) reported 98 liverwort, 54 moss, and 1
hornwort species among epiphytes from Cocos Island,
Costa Rica (Figure 135). In this study, more than 60% of
the species have a Neotropical or Pantropical distribution.
Less than 5% are endemic. The Lejeuneaceae (Figure 6Figure 15; many as epiphylls) and Lepidoziaceae (Figure
136) comprised most of the taxa. Few thallose liverworts
or moss taxa were found. Dauphin attributed the greater
bryophyte species count in the Galapagos Archipelago to
greater habitat variety, particularly wet and dry habitats.
But most of the bryophytes in this Cocos Island study area
are corticolous (46%), with only 25% epiphyllous.
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the liverwort family Lejeuneaceae (Figure 6-Figure 15).
Other epiphyllous liverworts include Metzgeria (Figure 19,
Figure 127) and Radula (Figure 16). Of the few species of
mosses, most are in the genus Crossomitrium (Figure 21).
In this study, the diversity, distribution, and density were
related to microclimate, especially humidity, but they also
related to differences in the vegetation.
South America
In a superhumid tropical lowland forest of Chocó,
Colombia, epiphyllous bryophytes have had little study,
leading to an assumption of rarity that might not be
justified (Benavides & Sastre de Jesús 2011). Among these
poorly known or rare species are Cololejeunea gracilis
(Figure 137), Leptolejeunea tridentata (see Figure 14), and
Otolejeunea schnellii. The researchers found that the
diversity and composition of epiphyll species differs little
between the palm and non-palm leaves. Disturbance
affects epiphyll cover, species richness, and diversity of
rare species negatively. The rare species do not agree well
with the global or national red lists, again reinforcing the
need for more studies.

Figure 135. Cocos Island beach and forest, Costa Rica.
Photo by J. Rawls, through Creative Commons.

Figure 137. Cololejeunea gracilis var. linearifolia on leaf.
Photo courtesy of Tamás Pócs.

Figure 136. Lepidozia cupressina (Lepidoziaceae) from the
Neotropics where this family is occasionally one of the epiphylls.
Photo by Michael Lüth, with permission.

By contrast, Bernecker-Lücking (2000) reported 56
mosses and 106 liverworts growing on Cocos Island, Costa
Rica. Of these, 45 were epiphyllous. Like the study of
Lücking (1997) and Dauphin (1999), these had primarily
Neotropical affinities. One surprising result of their study
was the discovery of epiphylls growing on the undersides
of leaves in the mountainous area, perhaps due to the high
light intensity there. Most of the epiphyllous species are in

In the Colombian Amazonia, Benavides et al. (2004)
found a total of 109 bryophyte species in a non-flooded and
a floodplain forest. The life forms differed little in the two
forest types, but the species of mosses and liverworts were
different. On the other hand, the floodplain had more fan
and mat species, whereas the non-floodplain had more
epiphytic liverworts. The epiphyll species seemed to differ
little between the habitats. Benavides and coworkers
suggested that the epiphyll habitat is stressful enough that
the habitat differences have little effect.
One of the common genera of leafy liverworts among
the epiphylls is Frullania (Figure 20), although none of its
species is typically epiphyllous. Von Konrat and Braggins
(1999) reported eleven epiphyllous species in New
Zealand, New Caledonia, and Colombia, with 29 more that
had been listed previously as epiphylls in other regions of
the world. Epiphyllous species of Frullania range from
sea level to 2,500 m and can be considered facultative or
accidental on the leaf substrate. The genus also occurs on
rocks and bark. The largest number of epiphyllous
Frullania species occurs in the floristic regions of New
Zealand, New Caledonia, Macaronesia, and Madagascar
(Braggins & von Konrat 1999).
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Pócs (2002) explored the Neotropical species of
Cololejeunea (Figure 6) from Ecuador and Brazil and
found two new species: Cololejeunea ecuadoriensis and
C. schusteri. In fact, it is unusual to find a tropical study
that does not include new species. In 2018, Pócs found the
epiphyllous
liverwort
Reinerantha
foliicola
(Lejeuneaceae; Figure 138) in Venezuela, in a genus
previously described from Ecuador by Gradstein et al.
(2018) as a new genus.

Figure 139.
Mitthyridium micro-undulatum; some
members of Mitthyridium prefer leaf petioles. Photo by Jan-Peter
Frahm, with permission.

Figure 138. Reinerantha foliicola, an epiphyllous lefy
liverwort from Ecuador and Venezuela. Photo modified from
Gradstein et al. 2018, with permission.

Figure 140. Calymperes nicaraguense; its family, the
Calymperaceae, is common among epiphytes in the Neotropics;
some species prefer midribs. Photo by Michael Lüth, with
permission.

Campelo and Pôrto (2007) provided a checklist
including both epiphyllous and epiphytic bryophytes of
Frei Caneca RPPN, Jaqueira, Pernambuco State,
Northeastern Brazil. This was a remnant Atlantic forest at
750 m alt. They found 21 families, with the liverworts in
Lejeuneaceae (Figure 6-Figure 15; 31 species) and the
mosses in Calymperaceae (Figure 139-Figure 142; 7
species) predominating in species number. Most of the
species (67%) are Neotropical, but 15% are pantropical.
Orbán (1997) has shown that different genera of
Calymperaceae prefer to colonize different parts of the
leaves, like Mitthyridium (Figure 139) mostly the petiole,
Calymperes (Figure 140), Leucophanes (Figure 141), and
some Syrrhopodon (Figure 142) the midrib, while other
Syrrhopodon species grow on the margin.
Zartman and Ilkiu-Borges (2007) have provided a key,
descriptions, and illustrations for the epiphyllous
bryophytes of Central Amazonia. To facilitate bryological
work in both English and Spanish, the keys and
descriptions are provided in both languages.

Figure 141. Leucophanes sp., a genus that prefers the
midribs of leaves. Photo by Niels Klazenga, with permission.
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Figure 142. Syrrhopodon cf. platycerii; some members of
this genus may prefer the leaf midrib or the margin. Photo by
Niels Klazenga, with permission.
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Figure 144. Bromeliophila natans, a species that occurs in
bromeliad basins. Drawing from Heinrichs et al. 2014; courtesy
of Robbert Gradstein.

Bromeliad Basins
Some bryophytes live on bromeliad leaves (Figure
143) and in the basins of water provided by them.
Bromeliophila helenae and B. natans (Figure 144) grow
exclusively in the leaf axils of bromeliads (Gradstein
1997a; Gradstein et al. 2001; Benavides & Callejas 2004;
Heinrichs et al. 2014). Bromeliophila natans, which like
its sister species is barely distinguishable from Lejeunea
(Figure 3), is apparently endemic to southeastern Brazil
(Gradstein 1997a).
It occurs, often submerged, in
terrestrial bromeliads such as Vriesea glutinosa (Figure
145), Aechmea nudicaulis (Figure 146), and Quesnelia
arvensis (Figure 147), mostly on open sites in the coastal
rainforest. Bromeliophila helenae, a montane species, is
known from the Guayana Highland of Venezuela and on
the island of Dominica in the central Lesser Antilles. It
grows in the basins of both terrestrial and epiphytic
bromeliads such as the terrestrial Brocchinia hechtioides
(see Figure 148-Figure 149).

Figure 143. Epiphyllous liverwort on bromeliad leaf. Photo
by Jessica M. Budke, with permission.

Figure 145. Vriesea glutinosa, one of the bromeliads with
basins in which Bromeliophila natans sometimes occurs. Photo
by BotBin, through Creative Commons.
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Figure 148. Brocchinia tatei on the north ridge of Mt
Roraima, Guyana, at 2000 m asl; the liverwort Bromeliophila
helenae grows in the basins of Brocchinia hechtioides. Photo
courtesy of Robbert Gradstein.

Figure 146. Aechmea nudicaulis, Brazil, one of the
bromeliads with basins in which Bromeliophila natans
sometimes occurs. Photo by Marcia Stefani, through Creative
Commons.

Figure 147. Quesnelia arvensis, one of the bromeliads with
basins in which Bromeliophila natans sometimes occurs. Photo
by John Thagard, through Creative Commons.

Figure 149. Insectivorous plant Utricularia humboldtii
growing in leaf axils of the bromeliad Brocchinia tatei at Mt.
Roraima north ridge at 2000 m. Photo courtesy of Robbert
Gradstein.
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In Puerto Rico, 13 out of 65 bromeliads sampled near
the radiation center in 1965 had bryophytes in their basins
(Maguire 1970). Mosses in these aerial basins are rare,
with the only known species being Philophyllum
tenuifolium in the Leucomiaceae, occurring submerged or
emergent in Vriesia (Figure 145) and Nidularium (Figure
150) of Guatemala, SE Brazil, and Peru (Gradstein et al.
2001). The basin of water created in the middle of the
youngest leaves is available to keep the bromeliad hydrated
and thus provides an aquatic habitat for bryophytes.

Figure 150. Nidularium procerum. Nidularium is one of
the bromeliads with basins in which the moss Philophyllum
tenuifolium sometimes occurs. Photo by Bocabroms, through
Creative Commons.

Fragmented Habitats
Deforestation is creating forest fragments in many
areas of the tropics. Oliveira et al. (2011) reported that
they could detect no edge effect on epiphytic bryophytes in
a fragmented landscape of an Atlantic forest in northeast
Brazil. Furthermore, canopy openness was not correlated
with bryophyte richness. Here we explore if this absence
of edge effect holds as well for the epiphyllous bryophytes
in the Neotropics.
Zartman (2003) discussed the effects of this habitat
fragmentation on epiphyllous bryophyte communities in
central Amazonia. He found that regionally common taxa
were often reduced in epiphyll diversity in small forest
fragments. On the other hand, rare taxa were often more
abundant in fragments than in continuous forest habitat.
Larger fragments (100 ha) exhibited higher species
richness, abundance, and among-site variation than did the
smaller fragments (1 & 10 ha).
Like Daniels (1998), Zartman and Nascimento (2006)
took advantage of the accelerated life cycles, high rates of
local extinction, and naturally patchy substrates of
epiphyllous bryophytes to look at the effects of habitat
fragmentation. They examined both local abundance and
regional distribution of 67 epiphyllous bryophyte species in
Amazonia. The landscape was experimentally fragmented
and demonstrated that changes in local abundance caused
by habitat fragmentation can be explained by fragment size
rather than nearness to the forest edge. The simultaneous
inter-specific decline in epiphyll local abundance and
regional distribution in small (1-10 ha) forest fragments
support metapopulation predictions of the importance of
immigration in ameliorating risk of patch extinction (i.e.
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the rescue effect). They concluded that their results
provide indirect evidence that dispersal limitation, not
compromised habitat quality due to edge effects, can
account for species loss from small tropical forest
fragments. They further concluded that preservations of
rainforest areas of at least 100 ha are necessary for the
long-term persistence of these epiphyllous communities.
Alvarenga and Pôrto (2007) explored eight Atlantic
forest fragments in Pernambuco, Brazil, ranging in size
from 7 to 500 ha to determine the effects on epiphytes and
epiphylls. Habitat fragmentation existed in the lowland and
submontane forests (Alvarenga & Pôrto 2007). Despite the
increase in richness, diversity, and abundance with altitude,
clear evidence exists that fragment size and isolation are
more important as determinants of these community
parameters.
Isolation is the most important factor,
emphasizing the importance of dispersal. Furthermore, the
greatest proportion of shade species occurs in larger
fragments with lower degrees of isolation. Fragments also
increase the number of species with larger niches
(generalists) while decreasing the number with smaller
niches that were likely to specialize on shady or sunny
areas.
In the Eastern Arc Mountains of Kenya, Malombe et
al. (2016a) investigated fragmentation and its effect on the
sensitive epiphylls. Using a disturbance gradient up to 200
m from the forest edge in three moist forest fragments, they
collected at least four leaves from each host species. They
found 96 epiphyllous bryophyte species. No correlation
was evident between the environmental variables (relative
humidity, temperature) and the forest edge gradient.
Nevertheless, epiphyll diversity differs with site-specific
characteristics. Forest edge distance does not have a
significant influence on richness or distribution of the
epiphyllous bryophyte species. Instead, these parameters
depend on microhabitat variables such as tree species
composition, sunlight exposure, and spatial and
dimensional canopy structure.
Malombe et al. (2016b) also examined fragmentation
effects on the composition, abundance, and species richness
of epiphyllous bryophytes in fragments of tropical cloud
forests in the Eastern Arc Mountains of Kenya. Again
using a disturbance gradient extending 200 m out from the
forest edge, they collected four leaves from each
phorophyte at three sites, totalling 1,387 leaves from 489
phorophytes. This revealed 95 species of bryophytic
epiphylls. Once again, richness did not change with
distance from the forest edge. And as in their moist forest
fragment study, richness depended on the tree species
composition and microhabitat, including exposure to
sunlight and canopy structure.
Hylander et al. (2013) studied fragmentation effects in
the moist Afromontane forests of Ethiopia. This study
differed from most in that the forest margins were still in
heavy use by local farmers, creating a mosaic landscape.
Going into the forest instead of away from it, they found
strong edge effects on canopy cover and number of stumps.
Heavy usage by humans was indicated by paths, beehives
in trees, and timber harvesting, and perennial crops such as
coffee and spices. The number of epiphyllous bryophytes
increased from 20 m to 75 m inward from the edge. They
concluded that the edge effects on epiphyllous bryophytes
do not get worse over time.
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Silva and Pôrto (2010) similarly studied the species
richness and diversity of both epiphytic and epiphyllous
bryophytes on an edge to interior gradient in a large
remnant of the Atlantic forest in Northeast Brazil. The
researchers estimated light differences using hemispherical
photographs. They found no significant difference in
species richness or diversity based on distance from forest
edge up to 1084 m inside. Altitude, however, causes an
increase in bryophyte diversity, especially for epiphylls and
shade-tolerant bryophytes. Canopy cover is somewhat less
important than altitude. Differences within the forests are
more important than distance from the edge.
Alvarenga et al. (2009) also studied bryophytic
epiphylls in fragmented forests of northeastern Brazil, from
forest edge to 100 m within the fragment. They found
decreasing abundance both locally and regionally resulting
from habitat loss. They concluded that this is related to
both sexual and asexual expression. Frequently-fertile
species are more frequent in forest fragments than infertile
species. Nevertheless, the landscape and habitat quality are
more important in epiphyll richness and presence than
distance from forest edge. As in the above studies, habitat
modification is less important than forest characteristics,
but they nevertheless play a role. They concluded that
fragmentation results in negative and long-term effects in
fragmented landscapes. Connectivity between patches is
important in successful conservation.
Zartman et al. (2012) experimented with
recolonization rates by stripping bryophytes from their
branches. When both local and neighboring phorophytes
within 400 m2 plots were experimentally denuded, the
extinction events increased, along with a reduction in
colonization. When no denuding occurred, losses of the
epiphylls were subject to rescue effects from neighboring
leaves. The researchers suggest that negative densitydependent growth in within-leaf populations indicates
resource limitation or intraspecific competition.
Zartman and Shaw (2006) considered the demographic
mechanisms causing species loss in the tropics to be greatly
underexplored. To contribute to the understanding of the
impact of fragmentation, they chose the epiphyllic leafy
liverworts Radula flaccida (Figure 41) and Cololejeunea
surinamensis (see Figure 71). They transplanted these two
species to study sites with areas ranging 1, 10, 100, up to
110,000 ha. All the transplants exhibited significantly
positive local growth with a nearly constant per-generation
extinction probability of 15%. In reserves of 100 ha or
greater, the colonization rate nearly doubled (to 48%)
compared to small reserves (27%). They considered this an
indication that epiphyll loss in small fragments was due to
reduced colonization.
Pócs (1996) emphasized that conservation of epiphytes
"can only be achieved through the rigorous protection of
the forests."

Sampling Epiphylls
Collection of the epiphyllous bryophytes requires the
same techniques as for bryophytes on branches at the same
level in the forest, including use of ropes, bow and arrow,
or climbing. Ecological methods, however, may be
somewhat different.
In a study of epiphylls in Colombia, Benavides and
Sastre de Jesús (2011) used 10 x 10 cm quadrats in 30

plots, totalling 240 samples. They recommend the Floristic
Habitat Sampling, a method that focuses on mesohabitats
as the sampling unit. Unfortunately, that does not provide
the randomness required for statistical comparisons. They
therefore recommend a combination of a systematic grid of
1-several km2 with Floristic Habitat Sampling within the
plots.
Vanderpoorten et al. (2010) emphasized that many
bryophytes are annual or identifiable during only part of the
year. They claimed that completely random plot sampling
or systematic sampling are both likely to miss species and
variation within the sampling area unless the sampling
effort is very high (number of plots, large number of
sampling dates).
The IUCN uses the Area of Occupancy for recording
rare species. This is defined as the area calculated by
summing all 2x2 km grid squares that actually have the
taxon. But Vanderpoorten and coworkers recommend
reducing the mesh size because the Area of Occupancy
values decline sharply with a reduction in scale. This
occurs because the bryophyte species have a more linear
and fragmented distribution.
Collection is necessary to identify or verify most
bryophytes and to permit DNA analysis now or later. For
epiphyllous bryophytes, it is necessary to collect entire
leaves that host them and to put them in new papers in a
plant press so that the host leaf remains flat. They should
be lightly pressed until they are dry.
Bryophytes living on leaves are typically collected by
collecting host leaves. These are preserved by pressing and
drying. Pócs and coworkers (Pócs 1978; Pócs & Podani
2015) found that 30 (50 preferred) randomly collected
leaves from a hectare are usually representative of most
species occurring there. Each leaf can be considered as a
separate stand which can be studied and compared by the
methods generally used in phytosociology. These should
be examined microscopically. Pócs (1978, 1982b) counted
the number of foliicolous plantlets on each leaf and related
that number to leaf area. Frequency is used to represent the
presence of a certain species on different leaves among the
samples collected.
To determine cover values, one can use a celluloidin
film solution spread over the leaf (Tamás Pócs,
unpublished). Once this has hardened, it can be removed,
together with the foliicolous community, and examined
under a microscope at low magnification using a square
grid ocular micrometer. This can provide the data to
determine cover values.
Carroll (1979) developed another method when
surveying the epiphyllous organisms on Douglas fir needles
(Pseudotsuga menziesii). He used photographs of random
sections of needles and extrapolated these to total needle
area. This method is especially useful where collecting is
not allowed or sampling would be too destructive.
Benavides and Sastre de Jesús (2009) similarly used
digitized images for estimating bryophyte cover. They
compared accuracy, efficiency, and objectivity among three
methods: Braun-Blanquet cover classes, grid percentage,
and digital image processing. Two observers used clay
tiles that had been planted with Neckeropsis disticha
(Figure 151) and estimated cover by the three methods.
Accuracy was determined by comparing cover values with
the dry weights. Efficiency was a measure of time and data
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variability. Objectivity was compared between observers.
The digital method was the most efficient in time in the
field (p<0.001) and furthermore had the least variation
among the data (p=0.01). This method is especially useful
when repeated measures through time are needed and is
more accurate when the cover is small, as in epiphylls.

Figure 151. Neckeropsis disticha, an epiphyll. Photo by
Jan-Peter Frahm, with permission.
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Epiphylls typically have associated Cyanobacteria
that fix nitrogen, benefitting both the epiphylls and the
leaf.
Some leaf leachates benefit the epiphylls.
Bryophytes may accumulate heavy metals, causing the
host leaf to have greater concentrations of these. The
epiphylls also seem to protect the host leaves from at
least some kinds of herbivory. But sometimes rhizoids
penetrate the epidermal cells, permitting the entry of
leaf pathogens. They can also interfere with light, but
the leaves seem to be able to compensate for this.
Bromeliads growing in the trees can provide a unique
habitat for bryophytes.
Species richness varies with habitat, but not as
much as one might expect. Moisture is the main
limiting factor, with light and temperature also being
important. Disturbance and pollution decrease species
richness. Comparison of geographic areas is still in its
infancy, with many undescribed species and
nomenclatural problems. Nevertheless, it is clear that
the family Lejeuneaceae is the most species rich family
of epiphylls.
Fragmented habitats may limit dispersal, thus
reducing frequency and diversity.
Sampling requires some of the sampling techniques
for epiphytes in general. They can be quantified using
quadrats. Digitized images of marked quadrats are
useful for quantifying growth.

Summary

Acknowledgments

Bryophytic epiphylls are almost entirely leafy
liverworts.
Epiphylls are common on leathery,
persistent leaves, but colonize more rapidly on shortlived leaves, most likely due to antibiotic compounds in
the persistent leaves. Close adherence to the leaf,
numerous rhizoids, adhesive secretions, sacs and
grooves to hold and transport water all help epiphylls
survive on the alternately wet and dry leaves of their
hosts. Crustose lichens often colonize as epiphylls first,
then liverworts, then foliose lichens that may overgrow
the liverworts. In other cases, the liverworts are first to
colonize.
Liverworts hold water on the leaf surface and may
make it more suitable for fungi. On the other hand,
they might provide secondary compounds that inhibit
fungal growth. The bryophytes can provide evaporative
cooling as they lose water over a longer period of time
than do the uncolonized leaves.
Epiphylls necessarily have short life cycles that can
be completed before the leaf falls.
Epiphyllous
Lejeuneaceae have protonematal spores that adhere to
the leaf surface and are able to germinate quickly.
Asexual reproduction is particularly common but is
limited by colony size. Asexual reproduction may
decrease in dry months, whereas sporophyte density
may be unrelated to the rainy season.
Host leaves may have drip tips, but their role is
controversial.
Leaf longevity is important, and
evergreen leaves may even have epiphylls in moist
forests outside the tropics. Epicuticular wax chemistry
seems to affect epiphyll growth.
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